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INTRODUCTION 


In tuberculosis there veral obstacles to effective chemotherapy Phese 


recently have been cise ussed “at length by Florey | 


The intracellular location 
of infecting tubercle bacilli 


is one of several factors which may play a significant 
part in determining the response of the disease to chemotherapeutic agents 
Living bacilli segregated in macrophages and epithelioid cells, which may not be 


penetrated by substances tissue fluids, may persist during therapy and ac 


count for the failure of otherwise potent antibacterial agents to cure experi 
mental tuberculosis in animals 


Until recently there were no precise data concerning the activity of antitu 


veerculous drugs on intracellular bacilli. A method has been deseribed (2) for 
determining the sensitivity to drugs of intraceilular bacilli 7m eztro. In view of 
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which consisted ol Ivrode’s solution containing 25 per cent of serum trom a 


fasted rabbit. Fresh medium, prepared from fresh solutions, was used at each 
change of medium. This was made after twenty-four hours of incubation and 
subsequently at forty-eight-hour intervals. The macrophages were kept under 
direct observation in special culture chambers 


RESULTS 
tctivity of in Dubos-Davis Medium 


Grown in Dubos-Davis medium, the two strains, H37Rv and Branch, were 
inhibited respectively by concentrations of isoniazid of 0.06 and 0.03 y per ml 


for a period of fourteen days. After this time, the behavior of the two strains 


TABLI 
INHIBITION BY Is ‘ Pwo Srratns or M. Tusercurosts, Bovine (BRANCH)AND 
HUMAN TR Dupnos-Davis Mepitum, anp Reap at INTERVALS OF 
Four Days 


Human strai 


was consistently different. As will be seen in table 2, after prolonged incubation, 
growth appeared in H387Rv cultures in concentrations of isoniazid ranging at 
least as high as 1.0 4 pel ml. On the other hand, attempts have failed to recover 
viable organisms from inhibited cultures of the Branch strain by centrifuging 
the original inoculum of bacilli and re-suspending it in fresh Dubos-Davis 
medium free of the inhibitory agent 


Boi mne Strain (Branch we Vac rophage Culture 


In the first titration against intracellular bacilli, macrophage cultures in 
fected with the bovine strain were treated with decimal dilutions of isoniazid 


ranging in concentration from 1.0 mg. per ml. to 0.01 y per ml. Control cultures 
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of macrophages were prepared with and without bacilli. Isoniazid had a rela 
tively low toxicity for macrophages, which survived for two days in the presence 
of 1.0 mg. per ml. and appeared quite unaffected by lower concentrations 

nfected cultures disintegrated on the third dav of incubation; it was 


he fifth dav that signs of degeneration appeared In any ol the drug 


ultures, and these amounted to mild changes in macrophages of cultures 


ng O.OL y per ml. In cultures fixed and stained at this time, growth of 

he intracellular bacilli had been totally inhibited by a concentration of isoniazid 
ot O.1 y per ml 

The results can be seen in higure lin which the coccobacillarsy lorm ol the 

il cell of this strain should be noted. Most of the macrophages 
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30 


also inhibited by isoniazid at a concentration of 0.05 y per ml. Unproliferated 
bacilli which had been inhibited for five davs bv this concentration can be seen 
within the macrophages of figure 6 It must be pointed out that bacilli of this 


coccobacillarv form in the resting state. The marked 


strain do not assume a 
morphologic change which accompanies growth of the Branch strain is therefore 


not seen In the presence ol O.025 y ol isoniazid per ml F however, multiplication 


of bacilli was detected in macrophages after the same period because of the 
formation which had taken place in them (figure 7 
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Des macrophages viv ts isolés. provenant de lapins, ont été utilisés comme milieu ae 
reproduction de bac es tuberculeux de sec HEEB ant comme parasites intra 
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permettent d’observer une réduction ng) activité vis 4 vis des bacilles intracellu 
lauires. (est qu faut 25 de strep par pour prévenir de développement 
le la souche H37Rv située dans cellule. is, montre également actil 
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INTRODUCTION 


Because of the recent advances in thoracic surgery and the development ol 
specihe antimi robial agents, the possibilities lor active therapy in pulmonary 
tuberculosis are now governed less by the toxis itv and localization of the dis 
ease than by the functional condition of the heart and lungs. In the great ma 
jority of patients requiring surgical therapy, the disease can be rendered rela 
tively stable th preoperative treatment, and postoperative spread of disease 
represe! ts a relative rarity | Nevertheless. the presence ol such conditions as 
extensive emphysema or grave impairment of ventilatory function as a result 
of pleurisy imposes strict limitations on surgical therapy. Even if the tubercu 
lous process is controlled by pulmonary resection, transthoracic cavity drainage, 
and similar procedures, these patients remain respiratory and circulatory “erip 
ples with a greatly shortened expectation ot life 

Emphysema the commonest type ol parencl ymal insufficren 2), and im 
paired entilation entilation ins Cncy, together with then secondary eardiac 
effects are, u ct, the commonest causes of functional insufficiency in tuber 
culous subjects 

Although the prevention of emphysema is not vet possible, ventilatory in 
sufficiency is, to a certain extent, preventable. This applies particularly to that 
form resulting from pleurisy, in which the chief impairment of function is re 
duced diaphragmat mobility, diapl ragqmatic insu ficiency 


In mild cases of this form of insufficiency, there is insignificant impairment 


of diaphragmat! mobilitv. and the lower part of the costophreni suleus is 


usually obliterated. In more severe cases, the suleus is totally oblite rated and 

the diaphi twit plane is roughly horizontal on inspiration in the erect posture 

Mobility is relatively good. In the gravest cases, the diaphragm is firmly ad 
herent to the el vall and mobility is verv slight 

Adhesion ot pleural membranes, with consequent disturbance of the 

movement that is essential for uniform pulmonary expansion, must 

ntal to ventilation. Some parts of the lung are then better 

rs. If the adhesions are grossly fibrous, the movements of 

1 ed and vel tilation still further impaired The damage to 


T\ howe er, would seem to be the dominant Inctor mn this 
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When assessing diaphragmatic function, it Is Most Important to study the 
Not infrequently one sees extensive adhesion 


movements of the posterior part 
and poor mobility frontally and laterally while the posterior part of the di 


aphragm shows good mobility 
Ca of Pie vral ym ph {S878 


Pleural obliteration in pulmonary tuberculosis is most 
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complications. se from perforation into a free pleural cavity during 
the operation, re undesired “pneumothorax mixte Postoperative pleural] 
effusion ts highh n such cases because respiration is fairly shallow in charac 
igh diaphragmatic adhesion is consequently increased 
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The present study covers the period from the autumn of 1949 to the spring 
of 1951 and includes all but the mildest cases of exudative pleurisy and pneumo 
thorax fluid encountered during that period 

Nineteen cases ol exudative pleurisy with ho roentgenographically demon 
strable parenchymatous lesions (in this group, 4 patients with artificially pro 
duced pleurisy are included), 23 cases of pleurisy complicating pneumothorax 
therapy, and 6 cases of postoperative serosanguineous effusions are classed as 
‘recent”’ pleurisies. This means that therapy was instituted less than three 
f the effusion. Therapy was also attempted in 17 


months after the appearance « 


a 
of pleural svmphvsis, and at 
by sir by intrapleural heparin 
| 
The ure 
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patients W ith effusions which had been present lor more than three months when 


treatment was begun. These are designated as “older” pleurisies. The average 


pe riod of ther ipV Was sIXtvV-lour davs in the recent cases and eighty seven days 


ith the r cases table ] 
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When performing breathing exercises the patient should, of course, adopt those postures 
in which the diaphragmatic movements bring about maximum opening of the costophrenic 
sulcus, viz., the lateral posture with the affected side uppermost, and forward and back 
ward rotation from this posture 

At a later stage in ther ipy the patient is t iught to breathe selec tively in order to in 
crease the mobility of the ribs on the affected side. This is most easily achieved by breath 
ing against resistance, e.g it band held round the thorax 

Should breathing exercises be begun in the initial stage of pleurisy, when the patient is 
still febrile, or should one wait until the temperature has become normal In the hundred 


or more patients treated up to the present, therapy was begun as soon as the patient et 
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A large effusion occurring in the course of ambulant pneumothorax therapy, such as 
“primary effusion,”’ is considered at Séderby a clear indication for hospitalizatiom. The 
functional prognosis is greatly improved if the patient is admitted to the hospital where the 
effusion can be spi ited regularly and intrapleural antibiotics physiotherapy et cetera 
given 

In the majority of patients treated with artificial pneumothorax, the tuberculous lesion 
is situated in the apic il and posterior segments of the upper lobe, and selective apical col 
lapse is generally obtainable by adhesion section. The lower lobe may thus be kept ex 
panded If pleur il effusion occurs, however, the lower lobe is compressed and in time 
becomes covered with a fibrous mantle that hinders re-expansion. The object of aspiration 
is to counteract this compression Refills of air at suitable intervals will maintain the apic il 
collapse while the lower lobe is allowed to adhere to the diaphragm and chest wall. These 
refills should be small and frequent, usually once weekly, to prevent tearing of the loose 
fibrinous adhesions on the chest wall that will gradually fix the lower lobe in the desired 
position 

This technique may sometimes be associated with the risk that the lung will adhere more 
extensively than is desired and obliteration will continue, even when the amount of air 
given at refills is increased. Although the risk is small, it must be stressed that careful ob 
servation and timing are very important tor its avoidance 

Contraindications: One possible contraindication to the treatment is very acute pleurisy 
in which the increased thoracic movements might aggravate the condition. It is not an ab 
solute contraindication, however; as stated in the foregoing, treatment may be given pro 
vided caution is exercised 

Tension cavities may constitute a relative contraindication, as they may be inflated by 
the increased movement. Such cavities are now relatively rare, however, thanks to specific 


intimicrobial agents, and were present in none of the patients in this study 


RESULTS 

The results of therapy were assessed in regard to the respiratory movements 
of the diaphragm and lungs 

The respiratory movements can be registered on double-exposure roentgeno 
grams. With a simple apparatus, the double-exposure grid according to Birath 
and Kallqvist (8), films can be taken that clearly show the respiratory movements 
of the ribs and diaphragm.* This grid has vertical strips of lead 0.5 em. in breadth 
and 0.5 em. apart. Half of the surface of the film is thus covered by the lead 
strips at each exposure. After the first exposure, the grid is moved sideways the 
breadth of one lead strip so that the already exposed bands of film are covered 
and the others left free for the second exposure. On the completed roentgeno 
gram, alternate film strips show the inspiratory picture, and alternate strips 
show the expiratory The errors arising from the changed position of the body in 
relation to the roentgenogram in the movements of respiration are considered 
to be negligible, provided that the position ol the vertebrae is the same on both 


exposures. To ensure that the patient has made a maximum respiratory effort, 


fluoroscopic control is necessary. In most cases, however, the absolute degree of 
respiratory movement is less important than registration of the diaphragmatic 
contours in both respiratory phases and the assessment of any difference between 
the two leaves 


After the first publication concerning this grid (8), the present writer discovered that 


Pollitzer (9) had previously described a similar method 
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Con posterior-anterior roentgenograms o1 fluoroscopy, the diaphragm Is seen 


to have a piston-like movement, almost parallel to its own contour. The lateral 
movements and those of the medial parts show very little difference even in the 
extremes of respiration (figure 3). Seen laterally, however, the posterior part of 
the diaphragm has a greatet range otf movement and is consequently more im 
portant tor ion than the anterior part, where mobilits considerably 
less (figure 4 

In most cases in the present study, posterior-anterior and lateral double 
exposure roentgenograms were taken In Maximum inspiration and expiration 
In the other cases, fluoroscopic estimation was made from all aspects during 
deep respi itlol 

Fiftv-four the 65 patients have been followed for six months and the re 
mainder for three months 


The re sults have been graded us follows: 


reduced, and in many 
the lung 
but considerable remaining 
ekening 
diaphragmatic mobility due to 
persistent fluid in the suleus 


| ilmost normal contours and mobility of 


In those sin which therapy was instituted early, the results were generally 
good. Of cent cases, good (++) or verv good (+++) results were 


recorded ter thr months in 40 patients (table The most successful cases 


vere those t leural effusion resulting from primary tuberculous infection 


d postoperative effusions. Of 25 such patients, good or very good results were 


how! | but one. In this patient, artificial pleurisvy had been evoked as treat 
ment tor Spontaneous pneumeo horax of three vears’ duration. No improve 
ment Was not or t irst six months, but after one vear’s observation the 
diaphragm wvement could be classed as good’ 
Poorer results shown by patients treated for effusion complicating ul 
en when the rapy was begun soon after the appearance 
4% 23 such patients, 7 showed no or only slight improvement 
ths. Not infrequently, however, improvement takes place slowly, 
lassed as “good” after three months can be “very good” alter 
ble 3 shows that 4 of the 7 patients mentioned above improved 
ery good” respiratory mobility without further treat- 
carried out on their own initiative at home. Of the 3 
any improvement, one had an effusion complicating 
lung after a long standing pre umothorax 
if the rapv is hot begun until more than three months after 
effusion, the results cannot be so satislactory Most of the 
vere present as complications of artificial pneumothorax table 
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TABLE 2 
Resvt or “GuipED SYMPHYSIS 


After Three Months’ Observation 


TABLE 3 
or “Guipep Sympeuysis’’* 


After Six Months’ Observation 


eural effusior 


months | CUSCS 


the effusion had developed at pulmonary re-expanston alter 


artificial pneumothorax). After six months, however, 4 of these patients were 


improved and the remau ing > were unchanged 
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nd aspiration. To | 


rdmitted to the hospital 
posture ther ip 


eatl ng Xercises 
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vot the diaphr (film 
In spite of th ian unusually persistent effusion, the sulcus was kept open and the 

rd the chest wail. The final result 
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DISCUSSION 


tv of the above-described treatment in an inflammatory disease 


< open to the criticism that active movements generally are 
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ki B.M i 25-vear-old house f develor effusion following adhesion sect 


ter pneumothorax tion (film a While the 


persistent and displa 


ion 
ipproximately one mont! fluid was never 
verv abundant, it was ver i tendenc ymmpress the base of 
the lung. Routine treatment resulted in re-expansion of the lower lobe and satisf 
return of function (film / 


contraindicated in all inflammatory conditions. The treatment, however, cat 


hardly be compared with active-movement therapy, and it is scarcely possible 
that the few deep respirations performed each hour are more irritating than the 
approximately 900 hourly respirations of ordinary depth 


\t anv rate, the writer 


has never observed a re lapse of the disease that could be attributed to the tre 
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ent may complain of shght pleural pain alter excessive cooperatiotl 
in his treatment, but the pain quickly disappears when his zeal is suitably 
damper 

In the present series, the best results were obtained in patients who showed a 


constant, Cooperative interest in the treatment 

Some literation of the posterior sulcus is not infrequently present when 
treatment is begun or during its initial period after the greater part of the effu 
sion has been reabsorbed (figure 6). Mobility is always considerably reduced at 
this stage. During the course of therapy, and often even in the ambulant stage 

Iree movement Is undoubtedly benefi« ial , SCCS how the 

suleus wmed and the diaphragmatic contours return more or less to not 
mal (fi >», 6, 7, 8, and 9 This obliteration ts probably caused by a small 
umount of fluid which persists in the sulcus o1 loose fibrin adhesions that respond 
to therapy. The poorest results are shown by patients who develop effusion at 
re-expansion of a long-standing artificial pneumothorax. In these cases the 

sceral ple ura probably is already thickened and adhesions form betwee he 
diaphragm and the chest wall without the occurrence of true pleurisy 

The results obtained have greatly decreased tear of the untoward secu lae of 
ple ural effusion uring the course of pneumothorax therapy higure S Phe or 
currence ot a mild pleurisy, ¢ y.. alter adhesion section, is thus even regarded as 


an opportunity to achieve adhesion of the lower lobe to the chest wall and dia 


phragm in a tion that will protect pulmonary function from the deleterious 


effects of iture effusion (figure 8). It is of the utmost importance, however, 

should be begun early, as soon as the effusion has appeared 

Otherwis the edges ol the lower lobe mav “fold in” and it will then be impossible 
down to fill the sulcus 

nduction medication with specific antimicrobial agents has 

urrence of empvema and, if the danger of impaired function 

ided by the measures outlined here, the fear of pneumothorax 
lost its justification 

has also been used with great success to guide adhesion torma 

ises of hemopneumothorax. Moreover, it has been used afte 

ition. When it is essential that the re-established ventilation 


greatest possible efficacy 


SUMMARY 


sufficiency is one of the commonest causes of pulmonary 
e measures should be directed against the conditions 
sible for ventilatory impairment, viz., pleurisy with effusion 
fluid. The role of the diaphragm in this connection is pat 
prophylaxis is described and consists of: 
the lateral posture with the affect | side uppermost 


isexs (abdominal breathing). in certain cases including 
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3. Frequent pleural aspiration and medication with specific antimicrobial 


agents 

Sixty five patients were treated with these measures. In 48 cases the ef- 
fusion was of recent date; of these, 40 showed good or very good ventilatory 
mobility after an observation period of three months. In 17 patients with ef 
fusions of more than three months’ duration at the commencement of treatment, 
the results were less satisfactory. Seven patients showed satisfactory diaphrag- 
matic movements after the same observation period, but function was consid 
erably impaired in 10 cases. In some of these patients, however, improvement was 


noted after a further three months of observation. 


SUMARIO 


La ventilacion insuficiente es una de las causas mas comunes de la insuficiencia pulmonar, 
de modo que las medidas preventivas deben encaminarse a los estados que en gener il son 
causantes de la deficiencia ventilatoria, a saber, la pleuresia con derrame y el hidroneumo 
torax. Recdlease en particular el papel del diafragma en ese sentido 

plan profilactico deserito comprende 

l Adope ton de la postur t later il con el lado ifectado mas irriba 

». Ejercicios respiratorios (respiracién abdominal) en ciertos casos, comprendiendo la 

respiracion electrofrénica 

I recuente ispiracion V mie dicacion ple ur il cor wentes antimicrobianos espec iheos 

Sesenta v cinco enfermos fueron tratados con esas providencias. Een 48, el derrame era 
reciente: de ellos, 40 revelaron buena o buenfsima movilidad ventilatoria al cabo de un 
periodo de tres meses de observacion. En 17 enfermos con derrames de més de tres meses de 
duracion al comenzar el tratamiento, el resultado fué menos satisfactorio. Siete enfermos 
revelaron movimientos satisfactorios del diafragma al cabo del mismo periodo de observa 
cion, pero en 10 la funcién estaba considerablemente afectada. Sin embargo, en algunos cde 


los Gltimos notése mejoria después de otros tres meses de observacién 


RESUMI 


L,insuffisance de la ventilation est une des causes les plus communes de l’insuffisanes 


pulmonaire. Des mesures préventives doivent étre dirigées contre les conditions générale 


ment responsables de l’insuffisance de la ventilation, en particulier dans la pleurésie avec 


épanchement et dans l’exudat du pneumothorax 


\ cet égard le role du diaphragme est particuliérement mis en évidence 


Un programme de prophvlaxie est déecrit, il consiste en 
l Adoption de la position latérale, le cOté affect } plus éleve 
» Exercices respiratoires (respit on abdominale compris, dans cert 


respiration électro phrénique 
3. Fonetions pleurales fréquentes et traitement avee des agents antimicrobiens spéci 
fiqes 
ft 


Ces procédés ont été utilisés chez 65 malades. Dans 48 cas épanchemer était récent 


sur ce nombre, 40 ont présenté une mobilité de ventilation bonne ou trés bonne au bout 


dune période d’observation de trois mois. Chez 17 malades présentant des épanchements 


dont la durée dépassait trois mois au début du traitement, les résultats furent moins satis 


faisants. Au bout de cette méme période d’observation, 7 malades ont présenté une mobilité 


diaphragmatique satisfaisante, mais la fonction était considérablement altérée dans 10 cas 
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ces malades cependant, une aumé¢lioration a été observée au about 
ade trom mois 


lobservation 
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INTRODUCTION 


It is now generally accepted that there has been a striking increase in the 
incidence of bronchogenic carcinoma throughout the United States (1, 2 
although agreement concerning the cause or causes of this increase has not been 
reached. In several recent papers 3-6) a close association has been noted be 
tween bronchogenic carcinoma and calcified Toc) in the lungs ol tracheobron 


chial lymph nodes in small series of patients. The present study was conceived 


with the idea of determining in a larger series of cases whether or not broncho 


genic carcinoma originates more frequently in those portions ol the lung marked 


by calcified tocl than In} lung areas not so marked. 
An obvious difficulty which has to be faced in making such a study is that 


calcified foci are an almost universal finding in the lungs of adults in the older 


age groups. In an attempt to cope with this difficulty, any association between 
calcified focus was considered to be significant onlv if the 


the tumor and the 
focus Was 4 mm. or more in diameter, if it was found in the same lobe as the 


tumor or in the tracheobronchial nodes draining that lobe, and if it was larger 
than any calcified focus found in the opposite lung. Using these criteria, clinical 


records and roentgenograms have been reviewed from cases of bronchogent 


carcinoma treated at Herman Kiefer Hospital and at Detroit Receiving Hospital 
during the past ten vears 


MATERIAL AND METHODS 


the review of the Herman hKief 
g tissue obtained from surgically rem 

m tuble. In addition to these 05 cases 
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rtain of the presence or absence 
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re revic 
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tment of Healt! Detroit, Michigan 
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OBSERVATIONS 


The 116 original cases have been grouped according to age (table | This 
tuble confirms other published reports (1, 7¢, 9) which indicate that bronchogenic 
carcinoma is primarily a disease of the sixth and seventh decades. Only 10 


females were included in the series. Sputum from 66 of the Herman Niefe1 


Hospital patients Wis stuched tor the presence ol absence ol tubercle bacilh 


by means of smears or cultures: it was found to be positive for WV. tuberculosis 


n only 7 cases 


vhich could be classified according to cell type and according 

t calcified foei were found closely associated with the tumor 

No great difference was noted in the number of cases ot 

squamous |, larg and small-cell Types, the cases of adenocarcinoma 
were considet 

there were only 2 cases in the 20- to 29-vear age group 

were of the small-cell tvype The squamous cell tumors, on the 


showed a predilection for the older age groups, none being found in 


iss should suggest the a wnosis of gr imuloma As will 


on wsocinted with bronchogent 
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patients younger than forty years. Also no squamous cell carcinomas were 
found among the 10 females of the series. 

Table 2 indicates that calcified foci were found closely associated with the 
tumor in 79 per cent of the cases of squamous cell carcinoma, in 60 per cent 
of the large-cell undifferentiated type, and in 59 per cent of the small-cell type. 
Only one of the adenocarcinomas showed an associated calcified focus. In 


figures | to 6 may be seen examples of bronchogenic carcinoma with calcified 


foci either in the same lobe or in the associated tracheobronchial lymph nodes 


It will be noted that the calcified foci, instead of actually being incorporated 
in the new growth, as is the case in granulomas of the lung (8), are at some 


distance from the tumor 


DISCUSSION 


In considering table 2 it should be remembered that most of the present 
study was made on the basis of ante-mortem roentgenograms; only eight post- 
mortem films, which revealed more definitive findings in regard to calcium, were 
available. It is probable that a study based solely on post-mortem films would 
show an even closer correlation between calcified foci and bronchogenic car 
cinoma of the squamous and undifferentiated types than is indicated in table 2 

Calcified foci such as those illustrated in figures 1 to 6 usually mark the area 
of a healed primary tuberculous lesion. Other possible causes of calcified pulmo 
nary loc, particularly histoplasmosis and coccidioidomycosis, must be con 
sidered. In the Detroit area, however, any etiologic agent tor these foci othe 
than healed tuberculosis would be rare 

It cannot be doubted that bronchogenic carcinoma Is closely associated with 
calcified foci in many cases. What might be the reasons for this close associa- 
tion? Jackson (4) has suggested that the actual irritation of the stone in a 
node immediately adjacent to a bronchus may be the important factor. In 
addition to this possibility, there is the extensive scarring of blood and lymph 
vessels as well as other pulmonary structures which occurs in the healing of a 
tuberculous lesion. Moreover, many old tuberculous foci, healed as far as active 
disease is concerned, show the aciculat spaces left by crystals of cholesterol, a 
compound which, as supplied commercially, has been shown to have a car- 
cinogenic effect (10). Last but not least, bronchiectasis is a common sequel of 
primary tuberculosis (11-14) and bronchiectasis, particularly of the saccular 
variety, has been indicted (6) as a probable factor in the localization of tars 
from tobacco smoke 

(As already mentioned, it is now generally agreed that there has been a marked 
increase in the incidence of bronchogenic carcinoma in the United States. While 
no similar agreement has been reached concerning the cause or causes of this 
increase, pathologists would be unanimous in accepting at least three factors as 
being involved in the origin of most malignant growths: (7) age of the patient, 

During the past ten vears Detroit has had a tremendous influx from southern states 


where histoplasmosis is more common Most of these new residents, however. are Negroes 


in whom, for some unexplained reason, bronchogenic carcinoma is not often found 
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?) his familial characteristics or inherited tendency toward the development of 
cancer, and (3) the long-continued action of some type of chronic irritant. 
During the past few years it has been suggested that tobacco smoke, inhaled 
into the lungs over a long period of time, is a likely source of the chronic irritant 
which may cause bronchogenic carcinoma (15-19). One point of evidence cited 
has been the curves which show that the increased incidence of lung carcinoma 
in the United States parallels more or less closely the increase in per capita 
consumption of cigarettes (19). Actually the increased per capita cigarette 
consumption during the past two or three decades is due largely to the increased 
use of cigarettes by women. Exclusion of these smokers from consideration 
would show the curve for per capita cigarette consumption by men rising much 
more slowly than the curve for incidence of bronchogenic carcinoma. This 
suggests that another factor, in addition to the smoking of cigarettes, is involved 
in causing the increased incidence of bronchogenic carcinoma 

It would seem from the present study, as well as from the work of others 

t-), that in many cases the various pulmonary abnormalities left by the 
healing of a primary tuberculous focus are factors of importance in the localiza 
tion of bronchogenic carcinoma. Accepting this premise, the lowered death 
rate trom tuberculosis becomes another possible reasoh for the mcreased Mie l- 
dence of primary carcinoma of the lung. Thus, prior to 1930, the death rate 
from pulmonary tuberculosis in young adult males was exceedingly high (Lable 


3). In the 25- to 34-year age group, for example, the range was from 332 pey 


100,000 in 1890 to 94.5 in 1930 (table 3, figure 7). The striking change in the 


curves in figure 7 means that a great many males in the first three decades of man- 
hood, who prior to 1930 would have succumbed to tuberculosis, have survived in 
increasing numbers during more recent years. Instead of being eliminated by 
death, these persons healed their respective primary tuberculous lesions, with 
scarred lungs and calcified tracheobronchial lymph nodes as the end result. 
In other words the decrease in the death rate from pulmonary tuberculosis has 
been accompanied by a present-day increase in the number of persons in the 
50- to 60-vear age group with healed primary tuberculous foci. This statement 


is believed to be justified by the following facts: 


1. At the present time the incidence of calcified foci in the tracheobronchial lymph 

nodes of persons 50 vears of age and older is virtually 100 per cent (3, 22 
2. The factor of reduced exposure to M. tuberculosis, important though it is now, was 
not important in 1900 when today’s 50-vear-olds were born. In 1900 the over-all death 
rate from tuberculosis was still above 200 per 100,000 population and there had not been 
is vet, any concerted movement for the isolation of “open” cases of the disease. The 
exposure to open tuberculosis during infaney and childhood of the groups indicated by 
upper curves in figure 7 (men born from 1860 to 1900) would, it is believed 

n approximately equal 

pproximately equal childhood exposure, a fall in the death rate of voung 


n IS9 to 95.4 in 1930 should mean that approximately three times 


posed individuals survived to more mature vears, for the present 


Rich (23) that bv far the most important influence leading to the 


the tuberculosis mortality rate during the first few decades of 


males from 332 
phenome he 
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this century has been the improvement in living standards and working conditions 


associated with America’s increasing industrialization 


TABLE 3 
Deatu Rates PULMONARY TUBERCULOSIS IN MALES AccORDING 


DIFFERENT Periops IN THE Hisrory or THE Uxrrep STATES 


24 212 174 3 D4 

280) 23 147 4.5 
44 314 272 166.0 102.0 70.8 
15-54 246 247 170.0 113.0 90.9 


* U.S. registration, states of 1900. Data from article by Persis Putnam (20 

t Data for 1930 from 47 states, Texas excluded. Data for 1940 and 1949 from 48 states 
deaths among armed forces overseas excluded. Data for 1930, 1940, and 1949 kindly fur 
nished by I. M. Morivama (21 
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Returning now to the problem of carcinoma, it seems evident that the voung 
men who, because of better living standards and working conditions, were able 
to survive their primary tuberculous infection are now, 30 to 40 years later, 


the persons particularly susceptible to the development of carcinoma of the 


157 
ro AGE At 
® 

10.7 
22.0 
0.4 
61.8 

Born = 
1869 
Born 
4 1870 
Born 18860 
Born (910 


FI 


SEN*GUPTA, WALLACE, CHAPMAN, AND MARTINEAT 


ase in life expectancy In the United States has one ob 


ying more persons to reach the cancer age * That this 


marked increase in bronchogenic carcinoma ts evident from 
te from most malignant tumors has been decreasing 


the death rate in the bronchogenic group has been in 


ch has been outlined above gives reason tol hope lol the 
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the causation of lung carcinoma it would be frightening 
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the more important factor, one would expect the present 
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CLINICAL AND HISTOPATHOLOGIC STUDY OF THE EFFECT OF 
CORTISONE AND CORTICOTROPIN ON TUBERCULOSIS' 


LINDEN WALLNER, J. ROBERT THOMPSON, anv M. R. LICHTENSTEIN 
teceived for publication December 5, 1951 


INTRODUCTION 


\ number of studies (3-6) in animals have demonstrated that treatment 
with cortisone® has an unfavorable effect upon tuberculosis. Trials of cortisone 
and corticotropin in human tuberculosis have been relatively few. Furthermore, 
the studies thus far reported on human patients have not included the histo- 
pathology of the tuberculous lesions while under this therapy. The present 
investigation was carried out in an effort to illustrate the effect of the hormones 
on the tuberculous lesion by means of biopsies of accessible mucous membrane 
lesions. It is presumed that the effects on tuberculous tissue should be essentially 
the same in these lesions as in the lungs 

In human patients, Freeman and associates (1) have described the effects of 
prolonged therapy with these substances in patients with pulmonary tuber 
culosis. LeMaistre and co-workers (2), in an excellent study of seven patients 
with advanced pulmonary tuberculosis, reported the short-term therapy find- 
ings. Among these were four patients with tuberculous laryngitis in whom 


epidermization of laryngeal ulceration was noted within a period of ten days 


Sudden withdrawal of the drug was followed by abrupt return of all previous 
signs of acute illness without return of the laryngeal ulcerations. Such a result 
is of importance because of the possibility that these powerful short-term effects 


may in some way be combined with the slower action of the antimicrobial drugs 


MetTuop 


Six patients with extensive pulmonary tuberculosis and sputum positive for M. tube 
culosis were studied All h id larvngeal tuberculosis. In addition, one patient had tuber 
culous lesions of the hard pal ite with ulceration; and one had an ulcer in the region of a 
previously removed left tonsil Although markedly ill, all of the patients were able to 
walk 

Biopsies and photogr iphs of the lesions were made one to three davs before, and on the 
last dav of, treatment 

Eosinophile counts were performed at Various times on each patient The technique used 
was the propylene glycol method described by Randolph with the following modification 
One set of 4 accurately standardized hemocytometer white pipettes was used in all of the 
counts. Two counts were done in each pipette and the total number of eosinophils in the 9 
large millimeter squares of the Levy-Hauser chamber was recorded for each count 

27 10 
Development of factor for number of eosinophils per cu. mm = 2.8 
x 9 
factor) where 20 corrects for dilution, 10 for depth of fluid on chamber, and 8 and 9 


allow for average count and average sq. mm., respectively 
From the Municipal Tuberculosis Sanitarium, Chicago, Illinois 


? Presented before the Chicago Tuberculosis Society, October 29, 1951 
Generously supplied by Merck & Co ftahwayv, New Jersey 
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ndition of the patients was followed by means ot studies ot 

tempel veight, expectoration, and general condition. The intracu 
neous reaction to tuberculin was determined before, during, and after treat 
-1.000.000. 1:100.000. and 1:10,000 Old Tuberculin (OT 

lowed by stronger concentrations if required. Blood counts, 

| studies. and roentgenograms of the chest were made. Treat 

tropin or cortisone was carried out for periods of ten to twenty 


le | for general data and results 
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graphs, | revealed considerable progression of disease. There was an increase in the 
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( ected from August 10, 1951, to August 15, 1951. leosino 
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f the evealed extensive disease of the te 
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TABLE 1 
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CORTISONI AND CORTICOTROPIN IN) TUBERCULOSIS 


Patients Who Recewed Corticotropin 


Case 4. W.M.B i Negro female, age 34 vears, was admitted on October 4, 1951 She dated 
the onset of her symptoms to April, 1951. A « hest roentgenogram revealed dense consolida 
tion of the right upper lobe with a cavity four centimeters in diameter. The sputum was 
positive for VM. tuberculosis. She complained of hoarseness and severe pain in the left side 
of the throat for three weeks. Larvngeal examination revealed infiltration and hyperemia 
of both « ords with supertic ial uleeration \ deep uleer was noted over the left vocal process 
Corticotropin, 20 mg., was given by intravenous drip over an eight-hour period daily from 
October 11, 1951 to October 20, 1951, inclusive. The eosinophile count was 343 per cu. mm 
before treatment and varied from 33 to 151 per cu. mm. during treatment. Her weight in 
creased from 125 to 133 pounds. At the end of treatment the patient thought her voice was 
better but still complained of pain in the throat. Laryngeal examination and photographs 
reve tiled hy peremia ot both voc il cords The superficial ulceration was not noted 1 he ulk er 
of the left voeal process was still present though possibly smaller 

Tuberculin tests revealed a marked depression of hypersensitivity during treatment 
Reactions examined five davs after the end of treatment had returned to their pretreat 
ment state 

Roentgenograms after ther ip revealed the most marked clearing noted in anv of the 
causes in this series (figure 2). Considerable resorption of the right upper lobe density o« 
eurred 

LW i 33-vear-old white male, was admitted on November 2, 1951; he weighed 

106 pounds. The onset of symptoms in March, 1950 was catarrhal. He was ambulatory but 
weak and dyspneic on admission. Roentgenograms revealed bilateral mottled infiltration 
of the lungs with cavitation Sputum was positive tor VW. tuberculosis. The patient com 
plained of painin the throat, without hoarseness, for six months. Examination on November 
10, 1951 revealed an ulcer occupying the left tonsillar fossa, including the anterior and 
posterior pillars. (The patient had had a tonsillectomy in 1927 \ large superficial ulcer 
was also present which involved the entire right lateral wall of the larvnx, base of the 
epiglottis, and right false cord. The true cords were not involved 

Corticotropin was started on November 13, 1951 by intravenous drip for approximately 
eight hours daily (20 mg. per day) until November 24, 1951 (12 days). Potassium chloride 
1 gm. four times daily, was given, and the patient received a low salt diet. On November 
17, 1951, after three days of treatment, the patient stated that he had no more pain in the 
throat. Examination revealed no change in the ippearance ol the uleers on November 17 
1951, nor on November 24, 1951 after twelve davs of the above ther ip 

The eosinophil count before treatment was 153 per cu. mm During treatment they 
varied from 25 to S2 per cu. mm 

During treatment the patient was afebrile from November 13, 1951 to November 17 
1951 and gained four pounds; then he developed fever ranging from 101° to 104° F. daily 
with loss of seven pounds during the subsequent nine davs. Fever persisted in spite of 
600,000 units of penicillin daily by intramuscular injection, but fell to 99.2° F. in four davs 

corticotropin treatment was stopped 

Roentgenograms of the chest revealed no change at the end of ther ip with « orticotropin 
The tuberculin reaction during treatment revealed only slight depression of reaction 

Biopsy of the tonsillar fossa lesion before corticotropin reve tiled many typical tubercles 
with numerous giant cells, some tubercle bacilli, and ulceration of the epithelium At the 
end of ther ip the tubercles were aty pical In appearance with only a rare giant cell but 


with more tuberele bacilli. Ulceration was still present 


N. J i white male we 51 vears, weighed 108 pounds on admission on April 16 
1051. He had bilateral far advanced pulmonary tuberculosis with cavitation. Ulceration of 


hard palate and involvement of the epiglottis were present. The sputum was positive for 
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Fira. 4A. Pretreatment biopsy from patient N. 1 Case 6), showing that the epithelium is 
intact and that there is a fairly well-preserved stroma. The most prominent feature is the 
marked cellular infiltration in the lower left-hand corner x 30) Hematoxvlin and eosin 


stain 


Fic. 4B. High-power view of most involved area of figure 4.4 showing « giant cell, epi 


thelioid cells. and many chronic inflammatory cells. Note that the vessels are intact and no 


enseation necrosis is apparent 100) Hematoxvlin and eosin stam 
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Fic. 4C. Post-treatment biopsy from patient N. FE. (Case 6) demonstrating denudation 
of almost all of the epithelium and a massive infiltration of cells, with destruction of the 


stroma and some caseation necrosis. (< 30) Hematoxvlin and eosin stain 


Fie. 4D. High-power of figure 4C showing area of caseation necrosis, many chronie in 


flammatory cells, but few epithelioid cells and no giant cells 
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tropin show no evidence of improvement. Treatment 
ind PAS was st irted on May) S. 195l and w is followed by marked 


improvement in twelve days 


Subjectively the patients felt better and presented evidence of mild euphoria 
during therapy. Cough diminished and most of the patients gained weight 


Fever was absent during therapy in Cases 1, 2, 3, 4, and 6, except for an o« 


casional slight rise. Fever recurred when therapy was discontinued and was 


exceptionally high (102° to 104°F.) for a few days in Cases 1 and 6. Case 5 had 
irregular fever during therapy, as described above 

Although some of the patients thought their voices were improving, the 
observers were unable to note any definite change. No improvement could be 
seen in weekly Inspections ol the laryngeal and palatal lesions during treat 
ment. In one patient the larvngeal lesion appeared worse alter therapy Color 
photographs corroborated these findings 

Histopathology: The microscopic changes in biopsy material of the mucous 
membrane lesions were studied in 6 cases treated with corticotropin and corti 
sone. This evaluation was made by the use of sections stained in the conven 
tional mann with hematoxvlin and eosin, sections stained for connective 
tissue (Masson's trichrome stain), and sections stained especially for acid-fast 
bacilli (Ziehl-Neelsen). The diagnosis of tuberculous laryngitis in pretreatment 
Dlopsies Was based on the presence ol typical discrete tubercles showing epl- 
thelioid « , Varying numbers of giant cells of the Langhans’ type, peripheral 
lymphocytes, and some degree of caseation-necrosis. Case 4 failed to display 


inv discrete tubercles in either the pretreatment or the post-treatment biopsies, 


but the finding of many acid-fast bacilli confirmed the diagnosis 

In the 6 eases studied, the tubercles were found to be limited to the stroma, 
ln most instances quite removed from the subepithelium. Some changes were 
noted mn the epithe lal laver, which could be considered common to anv type ol 
inflammatory process. However, 3 patients demonstrated some ulceration prior 
to therapy, and 2 patients demonstrated some ulceration following therapy 

The outstanding differences between the pre and post treatment biopsies 


ollows: 


reaction in the submucosal structures was increased following 
ropin and cortisone. This reaction was characterized by the presence 
s showing varving amounts of caseation, few to many 
ono ma cells, lymphoevtes, and an occasional polvmor 
In contradistinetion to the discrete well-delimited tubercles seen 


post-treatment bropsies led a more diffuse ty pe ol 


nall of the biopsies follow ng thera contrasted with 
two biopsies pri twas excluded 
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were present in greater numbers following the use of the two drugs than they were before 
therapy was instituted 
Sections stained with Masson trichrome stain did not reveal any appreciable degree 
fibrous tissue proliferation at the end of therapy. The formation of scar tissue was 


hardly to be expected in the short time which elapsed between biopsies 


Roentgenograms: The serial roentgenograms of the lungs showed marked 


clearing of the lesion at the end of treatment in Case 4 (figure 2). Partial clearing 


was observed in Case 3. The other 4 patients showed no significant changes 
Tuberculin reaction: Marked depression of reactivity to tuberculin oecurred 
during treatment in 2 patients, moderate depression in one, and little or no 
change in the other 3 patients. Reactivity returned to the pretreatment state 
in five days in one case and within a few weeks in all. Measurements are shown 


below for Cases 3 and 4 


INTRACUTANEOUS TUBERCULIN Tt 


July 20, 1951, before treatment (cortisone 
August 17, 1951, during treatment 


October 8S, 1951 ifter treatment 


Mectober 8S. L951. betore treatment orticotropi 
tober 15, 1951, during 
2, 1951 
November 5, 1951 


Kosinophile counts Eosinophile counts were performed just prior to injection 
of the hormone and at intervals of two, four, or six hours afterward. Additional 
details concerning the eosinophile counts in Cases r, & and 5D on Varlous davs 


during the period ol treatment are given in table 2. 
DISCUSSION 


The etlect ot cortisone on the pathology ol tuberculosis has been described 
n animals (3-6) as a diminution of capillary permeability and a decrease in the 
inflammatory response. In spite of this apparent improvement in the appearance 
of the lesion, an increase in the growth of tubercle bacilli occurs mostly within 
the phagocytic cells. The long-range results in animals have indicated that un 
favorable progression of the disease takes place with an ultimately harmful 
ettect 

In human patients with pulmonary tuberculosis it has been reported that 


cortisone and corticotropin cause progression of the disease although there may 


be improvement in symptoms. In general, the findings in the present study 


are in agreement with those of Freeman and associates (1) and of Le Maistre 
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and co-workers (2) except in regard to the effects on laryngeal lesions. The 
findings reported herein concerning mucous membrane lesions are directly 
contrary to the previous findings. Photographs and biopsies made before and 
after therapy indicate that no significant improvement occurred in the cases 
in the present study 

Iwo possible sources of error need to be considered. The first of these is the 
small number of patients treated. The possibility cannot be excluded that this 


therapy may act differently on other patients 


TABLE 2 


LostnorutLe Counts IN Patients Recetvinc Hormones 


Cortisone 


142 122 14 ‘ase in 4 hours 100 mg. intramuscularly daily 
124110 12° ‘ase in 4 hours 100 mg. intramuscularly daily 


hours After 200 mg. intramuscularly 
orticotropin 


»in 4 hours First day of treatment 
2 hours after st irting infusion 
6 hours 6 hours after starting infusion 
100 108 2 hours after starting infusion 


3 67 de . 6 hours 6 hours after starting infusion 


thours First day of treatment 
2 hours after starting infusion 
6 hours 6 hours after starting infusion 
{hours 4 hours after starting infusion 
2 hours after starting infusion 


»in 6 hours 6 hours after starting infusion 


Phe second possible error is inadequate dosage. The dosage used in this series 
is believed to be adequate for the following reasons: The patients were under 


weight; the usual eosinopenic: response Was obtained; all the patients noted 


mild euphoria; and gain in weight oecurred. One patient gained 18 pounds in 


fifteen days. It is believed, therefore, that failure of therapeutic effectiveness 


cannot be attributed to inadequate dosage in these patients. 

Che increase in the number of tubercle bacilli noted in the tissues after treat 
ment is consistent with the pathologie effects previously reported in animals 
The increase in the inflammatory response seen in the biopsies of the larynx 


differs from the effects noted in animal experiments. This perhaps may be due 
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to the differences between the acute type of tuberculosis usually seen in animals 
and the more chronic infection in the human. 

It is difficult to account for the partial clearing of roentgenographic evidence 
of pulmonary disease noted both in these cases and by other observers. It is 
hardly credible that the hormones may affect the disease differently in the 
lung and in the larynx. A possible explanation may be as follows: A large com- 
ponent ot the pulmonary lesion is a hypersensitive reaction, due to the presence 
of relatively enormous numbers of tubercle bacilli. This reaction is markedly 
diminished by the hormones. In the larynx, however, there is little hypersensitive 
response, due to the paucity ol tubercle bacilli (as noted in the pretreatment 
biopsies) and, therefore, less effect from the hormones. 

It may also be possible that some part of the laryngeal pathology is non- 
specific rather than tuberculous and may, therefore, respond differently to the 
hormones. 

It well may be that the roentgenographic clearing depends mainly upon 
resorption of edema. This possibility coincides with the fact that the clearing 
is more marked in the more recent or ‘exudative’? pulmonary lesions than in 
the “productive.” Biopsies of the laryngeal lesions show relatively little edema 
and present much less possibility of great volume of resorption because of the 
solid nature of the tissue as compared to the spongy texture ol pulmonary 
tissue 

The subsequent improvement under streptomycin therapy demonstrates 
clearly that the patients were capable of responding to appropriate medica 
tion. 

It should be mentioned in passing that there has been much speculation 
concerning the possibility of combining cortisone or corticotropin with strepto- 


mycin in the treatment of pulmonary tuberculosis. Thus far, no benefit has been 


reported from attempts in this direction. No definite clinical harm was observed 


in. the patients in the present study as a result of the short courses of cortisone 
and corticotropin, nor was any difference in the effects produced by the two 
substances noted 


SUMMARY 


Six patients with advanced pulmonary tuberculosis and tuberculous laryngitis 
were treated with cortisone or corticotropin Tor periods of ten to twenty-two 
days In addition to the usual studies, photographs and biopsies of the larynx 
were made before and after therapy. The photographs revealed no definite 
improvement in the gross pathology. Examination of biopsy material at the 
end of treatment revealed increased inflammatory response, lessened limitation 
of tubercles, and increased numbers of tubercle bacilli. Roentgenograms of the 
chest showed definite clearing of the lesions in 2 patients. Tuberculin sensitivity 
was depressed during therapy 

SUMARIO 
co del Efecto de la Cortisona a HACT sobre la Tuberc ) 


Seis enfermos con tuberculosis pulmonar avanzada vy laringitis tuberculosa fueron trata 


dos con cortisona o i \( I durante ps riodos ce trempo que variaron cle diez a veintidds 
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omaron cromol 


t otografias vy biopsias de la 


les estudios 

terapéutica. Las fotografias no revelaron mejoria bien defi- 

macroscopica Las biopsi is hechas al final del tratamiento mostraron 

imatoria, menos limitacién de los tubérculos y aumento en el ntiimero 


wos. La wliografias tordcicas revelaron despejo bien definido de las 


sibilidad a la tuberculina descendié durante la terapéutica 


ResuMI 
TH 


teints de tuberculose pulmonaire avancée » tuberculose larvngé« 
i cortisone ou 'ACTH pendant des périodes de dix A vingt-deux jours 

s habituelles, des photographies en couleurs et des biopsies du larynx 

t aprés le traitement. Les photographies n’ont pas montré d’améliora 
inifestations pathologiques macroscopiques. Les biopsies, pratiquées a 
nt, ont révélé une augmentation de la réaction inflammatoire, l’extension 
une augmentation du nombre de bacilles tuberculaux. Des radiogrammes 
mtrée une nette diminution des ités chez 2 m ilades. La sensibilité a 


minue au cours du traitement 


REFERENCES 


Wana, C. ¢ L. ¢ The effects of ACTH on 
ts with pulmonary tuberculosis, Proceedings of First Clinical ACTH 
Conference, The Blakiston Co., Philadelphia, 1950, p. 509 
LeMatsrre. C. A.. Tomesert, R.. Muscuenuerm, C., Moore, J. ano McDermort 
iffects of adrenocorticotropic hormone and cortisone in patients with tuber 
J. Clin. Investigation, 1951, 30, 445 

P., Dannenperea, A. M., Jr., AND Swartz, I. B.: Constitu 
rs in resistance to infection: The effect of cortisone on the patho 

tuberculosis, Science 1951 I] 234 


snp Movomut, N.: Effects of cortisone on the development of tuber 


guinea pigs ind their modification by streptomycin therap 


199). 62, 337 
MI. M.. ano Broom, W. I Course of experimental tu 


it as influenced by cortisone, Proc. Soc. Exper. Biol 


SALKIN, D Adrenocorticotropie and adreno-cortico 


rculosis, Tr. Tenth Conference on Chemotherapy o 


Administration Office Atlanta. Georgia 


174 
de ba tubereuls 
I pall t fubere Ose 
i 
ont ete tes 
kin dehors d et 
la fin du tr erm 
es tubercule et 
iu poumor t 
1) DM, 
5) M NI It (C‘uM™MI 
& Med MO). 75. G13 
Tuberculosis, Veterans 


USE OF RABBIT EYE AS A TISSUE TO STUDY TUBERCULOSIS':? 
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INTRODUCTION 


Che present report consists of observations on the effect of adrenal hormones 
corticotropin and cortisone upon the course of early and late ocular tuber- 
culosis in the rabbit. In previous communications, the course of tuberculosis 
in the rabbit’s eve, both untreated and treated with antituberculous agents, 
has been deseribed (1, 2). Evolution of the natural disease and its alterations 
by streptomycin are sufficiently predictable so that comparison with disease 


influenced by adrenal hormones is permissible 


METHODS AND MATERIALS 


rhe methods utilized in the present study were similar to those described previously 
a Adult, mongrel, white rabbits, averaging 3 kg. in weight, were infect ly lirect 
inoculation into the anterior eve chamber with approximately one millior ble human 
tubercle bacilli (H37Rv his represents a large-sized inoculum and in the untreated 
inimal results in advanced but localized ocular disease in 75 per cent of the animals 
The course of optic tuberculosis in 39 rabbits was observed. Twelve animals served as 
controls and 27 were t t with one or the other hormone. None of the rabbits was im 
munized prior to therap Ithough the cutaneous reaction to tuberculin was positive in 18 
nimals when hormone administration was initiated. Sensitization to Old Tubereulin (OT 


previously established eve ii, in the remaining 


occurred in 5 of these s 


inimals, sensitization presumably resulted from frequent skin testing with 50 per cent OT 
prior to o if ior lesigned for a separate study upon the Middlebrook-Dubos 
hemagglutination test 

The dosage of corticotropin w per kg. of body weight per day divided in three 

doses administered cl i ( \ ight ( s. Two and five-tenths to 10 mg 

of cortisone’? were administered p : once dail Corticotropin was continued for 
five to fourteen davs and rtiso was given for fourteen days 

Vitamin C determinatio mace upor the adrenal glands | the method of Roe and 
Kuether (4). The gl a er veighed and fixed immediatel ifter death from air embolism 
rhe vitamin C content w measured within two days of fixing in 5 per cent metaphosphoric 
wid and 10 per cent tic acid solution 


Hemagglutination test ver pertor of the UT *k-Dubos 


From the Department 
Svracuse, New York 
This study was aided ig fron ommit o dical Rese 
American Trudeau Societ medical section of the National Tuberculosis Assoc 
Supplied by Merck & Co., Rahway, New Jerse 
‘Through the courtes f Dr. Jay Tepperman, Department 
University of New York, College of Medicine, Svracuse, New Yor! 
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Fi rated fraction LA of Old Tuberculin used in the test was of standard 
source and pot ind sheep ervthroevtes were obtained from a single animal 

Qld Tubereulin, 25 or 50 per cent, was injected subcutaneously in the flank 
Che infecting strain of MW. (uberculosis var. hominis was of established virulence 
lor guinea pigs Vus susceptible to streptomycin 7 vitro, and had been main 
tained in Tween*®-albumin medium 


RESULTS 


Corticotropi altered appreciably the course of ocular tuberculosis m= the 
rabbit when administered prior to, at the time of, or shortly after optic infee- 

on Was induced. The type and degree of alteration varied with timing of the 
first dose of the hormone. Cortisone in the dosage used did not produce as great 
i change. Neither hormone had a significant local effect upon old, established 
ocular disease, but system complications were noted in the treated animals 
with aged eve disease. 


fropin administered at the time of. or shortly after. ocular infection 


bits were given corth otropin within five to fourteen davs after initia 

reulosis. Corticotropin was started in 2 other rabbits within 
twentv-four ours ob optie mnfection During the pretreatment period, alter 
noculation of the eves, the infection had become evident in twenty-four hours, 
had progressed to the described minimal stage in five davs, and had become 
moderately advanced in two weeks (1). With institution of hormonal therapy, 
+} 


le exper rse of ocular disease was observed to change and to progress in 


rapid ting, and unexpected manner in all of the 10 animals. The 
Impress ng of the infection to the totally destroved eve was noticeable 
uniformly wit twenty-four hours after the first dose of the hormone. Within 
seven davs after the first dose of the hormone, all eves were ravaged and there 


itter 


wcaume totally destroved, with no evidence of organization, revasculariza 


tho or local ion of the infection kmpvema of the anterior chamber was 
evident ith bulging of the cornea, but the cornea never ruptured, nor did 
sloughing « r. At termination of the treatment period, no possible further 
damage sa complete sloughing could have occurred in that part of the in 
fected eve hich is grossiv visible to the observers 

In figures | 4, B, and C may be seen the course of the disease in one of the 
iunimals whose therapy began within twenty-four hours of ocular infection. It 
is typical of the changes observed in the other 9 animals. The fulminating course 
of the disease is apparent. Figure 1A represents the appearance ot the process 
after four days of treatment; figure 1B, at the end of fourteen days of therapy; 
und figure I¢ the time of autopsy, tour wee ks after institution of eve disease 
and two weeks after the end of therapy 

The eves of 3 animals were used as controls, eac h having been infected with 
the same inoculum of organism on the same day and from the same medium as 

Laboratories, Pearl River, New York 


of the polvoxvethvlene derivative of Sorbitan mono 
Wilmington Delaware 
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the treated group. Ocular tuberculosis in one of these at the end of the four 
weeks’ observation time was moderately advanced, with mild diffuse iritis and 


a well-localized tubercle ceutrally placed and anterior to the lens. Eye disease 


in the remaining 2 had reached an advanced stage during the month of ob- 


servation. Tuberculous involvement of iris and lens developed and the anterior 
chamber gradually became filled with caseous material, but glaucoma and 


r star 
stu 


12 


dated Februar 
ocul iT inecul ition of tule interior cham 
ind acute iritis 


dvances 
] i end of reat 


destructior 


hk’ March 9, 1951 shows continuation of the 
irchitecture of the eve. Figures 5A 
ifter this 


of all reeognizabl 


omplete 
of this eve. Animal was killed twent 


four hours 


photomicr 
| n 


ike 


empyema within the chamber were never observed. Revascularization from the 
limbus was prominent after the third week. The difference between the two 
Disease in the former group was 


treated and untreated, was striking 
all parts of the 


series, 
characterized by acute inflammation and rapid destruction of 
The controls showed the expected slower 
without significant rubor or 


anterior chamber replacement. of 
structures with tuberculous granulation tissue, 


edema 
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During the first two-week post-treatment observation period, the eve lesions 


failed to show objer tive ey idence ol healing 
Throughout the treatment period and for two weeks thereafter, physical 


health of the 10 animals quickly deteriorated from normal. All lost appetite 


and weight, they were unusually irritable, their skin lost its sheen, and they 
appeared generally ill. No animal, however, died during the period of study; 


each was sacrificed as planned 

Wropin administered tivent four hours prior to ocular infection nm con- 
i 

the effect noted in the above group ol animals, corticotropin exerted 


trast to 
1 initial suppressive effect upon the course of ocular tuberculosis when given 


at 
© institution of the infection. The first three doses of corticotropin were 


During the seven days of its administra 


prior 
given prophylactically to 3 rabbits 


teve (A-1) dated February 


r ul ir ul ition ot 


tuberculosis developed. The needle tract wound, through 


Oo is established, did not become inflamed and only a feathery 


ud kept the eves from being described as totally normal 
niection 


eve of one of these rabbits six davs after ocular 


itment vith corticotropin 
in abevance by the hormone, anterior 


is bemg held 
though normal in gross appearance, contaimed culturable tu- 
The general health ol the ul mals did hot change during this 


on and treatment 

= of cessation orticotropin, ocular disease suddenly became 
to total destruction of the eve during the 

\t the time of autopsy, nine to 


the anterior chambet 


next ten 


yressed 
the eves of all 3 animals 


normal ptr architecture Was gone, 


gray pus, and no vascularization was apparent. The 
m immediately post therapy in this group was sub 
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stantially similar to that observed in animals whose eye disease was initiated 
immediately preceding therapy with corticotropin, and the animals became 
ill in a like manner. Figure 2B represents the appearance of the eve of the same 
animal ten days after cessation of corticotropin and eleven days after figure 2A. 

Eve disease in 2 control animals proceeded in a predicted manner. At the 
end of the first week’s observation, lesions in both were at a minimal stage, 
and slow progression to a more advanced disease took place thereafter. Despite 
the large-sized inoculum used in the control animals, far advanced lesions did 
not develop although tuberculous granulation tissue replaced a portion of each 
eve 

Corticotropin administered six to eight months after establishment of ocular 
disease: Advanced ocular tuberculosis was allowed to develop in 8 rabbits over 
a period of six to eight months. From inception to time of administration of 
corticotropin, the disease in each had become stabilized at an advanced stage 
and the eve had been replaced by a solid mass of yellow, organized, fibrotic, and 
caseous material which occupied the entire anterior chamber. No change in the 
character of the disease had been observed for at least one month prior to in 
stitution of treatment. Corticotropin was administered to 5 of these animals; 
the other 3 were controls. Administration of the hormone for fourteen days 
failed to alter the ocular disease in any way; at the termination of the therapy 


period, eves in the treated group were identical with those of the controls. 


Despite the absence of gross changes in the eve disease, the general health of 
the rabbits rapidly deteriorated following initiation of therapy with cortico 
tropin. They lost weight, developed diarrhea, became listless and apathetic, 
and one became partially paralyzed in his hindquarters Three died within 
thirtv days of the start of therapy, and the other 2 were destroyed because 
of the seriousness of their systemic illness. The change from good health to bad 
Was a very impressive one in all of the 5 animals and it was not observed in the 
controls 

Follou up observation in two rablits whose infected eyes were treated early with 
corticotropin: Two animals whose fourteen-day treatment with corticotropin 
Was started five days after ocular infection were observed for six months there 
after. At the end of that period the advanced ocular disease was identical grossly 
with that present in the 2 controls. The eve in each Was replaced by a contracted 
mass of vellow-white material, well organized and without sign of inflammation 
Furthermore, after the first month the health of the animals gradually returned 
to normal; thev gained weight, became active, and looked well 

Phe ability of the animal to mobilize its defenses and to localize the ravaging 
disease app ared slowly after cessation of corticotropin The rapidly progressive 
disease manifested by all animals during seven to fourteen days of hormone 
administration continued unabated for approximately two weeks thereafter 
\fter twenty days, the inflammatory process was less acute and beginning 
organization Was noted lging from glaucoma and empyema gradually sub 
sided, pus became more viscid, and vascular mnyjection less intense, After SIXTY 


davs the localization was well defined, and fibrosis and contraction of the residual 
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optic tissue had begun. The hormonal effect apparently persisted for at least 
two weeks after its cessation, and the subsequent course of the advanced disease 
simulated that in the untreated control. In figure 3 may be seen the appearance 
of the eye in figure 2 six months later. The contracted orbit, similar to the process 
in the controls, may be seen 

Cortisone-treated rabbits: Seven animals received cortisone for fourteen days. 
lwo received the hormone prophylactically for twenty-four hours, 2 received 
first dosage on the dav of ocular infection, and 3 received the hormone six months 
after establishment of advanced optic disease. The dosage of cortisone in 4 
animals was 2.5 mg. daily and, in the 3 treated after six months, a total dailv 
dose of 10 mg. was administered 

Che disease in only one of the animals treated early with cortisone paralleled 


the infection in ‘corticotropin group In this animal, ravaging ocular tuber- 


» taken six months after termination of therapy with cortico 


in figure 2 and the photograph is dated September IS, 1951 


raction are noted and the anterior chamber is replaced by a mass 
thie ow, ¢ material well localized within the chamber 
culosis Was apparent within one week, and after two weeks the anterior eve 
was destroved. Infection in the other 3 was not the same. 
Figures 44, B,C, and D show the course of ocular disease in one of these 3 
latter animals and ts typical of the disease in all. The rabbit received cortisone 
within twenty-four hours of the first Inoculation of acid-fast bacilli. On the sixth 


dav (figure 4.1) ocular tuberculosis had progressed to the moderately advanced 


stage with acute iritis, cloudy chamber fluid, and a small, centrally placed, 


well-defined tubercle. At the end of the treatment period, the accessory evi- 
dences of acute inflammation had subsided but the tubercle in each was larger 
and more yellow (figure 4B). Subsequently, in the next four weeks, the eve 
became totally destroved. Figure 4C shows the beginning of this change seven 
days after cessation of cortisone. There was no appreciable difference in the 
disease of the animals which received prophylactic cortisone from that which 
developed in animals which received their first hormone on the day of infec 
tion. Neither was there significant difference between the treated and the con- 
trol eves. | igure 4D shows the eve three months later, and the infection at that 


time was essentially similar to that in the controls 
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Cortisone in the larger dosage did not, in any way, alter the fibrotic disease 
in the 3 animals whose infection was of six months’ duration 

Immunological re sponse in rabbits infected intra ocularly with H37 Rv and treated 
with adrenal hormones: \n all of the 39 rabbits in the series, the cutaneous reac 


tion to tuberculin was tested with 25 per cent or 50 per cent of YT before. during 


$4. Photograph of rabbit \-26) dated \ 1951, taken five 
of cortisone thera ir f davs after « lar inf Mild iritis. edema of 
i small off-center bere! if seen 
Photograph of san tuken seven davs lat 1051 t the end of therap 
Lesion | not extended apprecial but edema and tritis are mildly worse 


tograph of same tuken n da ter “B June 6, 1951 Extension of the 


is obvious and tl ont it t moder dvanced stage. Oeular lesions 


ontrols closel parnuite 


D. Photograph of same 
chamber is replaced b llow n i ous material which 


ganization of lesion is evident. new v fre the limbus are seer 


and shortly afte exposure to adrenal hormones. Eighteen animals had positive 
reactions prior to the first administration of hormones. These remained positive 
throughout the treatment period and for six months thereafter in those animals 
which were permitted to live for that period. The remaining rabbits had negative 
tuberculin reactions at the time ocular disease was first established. In these 
animals, the cutaneous reactions became positive between thirty and forty 
days after infection, an interval identical with that observed previously in 


animals which received no hormone (1). Neither adrenal hormone influenced 
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elopme neous hypersensitivity to OT or changed the already 


reuct 


admin tion of the adrenal hormones did not 


influence the hemag 
the infected animals. In 


rabbits whose optic disease had 


to eight months prior to exposure to the drugs, levels ot 


lis had stabilized at titers above and the raps 
the levels 


Serial determinations twice weekly during ad 
six months thereafter, revealed titers 

more than one tube dilution 
hemaggluti ired in tl 


ther hormone and for 


\leasurable concentrations of 


i“ infected rabbits treated early with both cCortico 


at the same time as they appeared in the control animals 
The idrenal glands of rabbits 


tropin and cort 


S treated and 8 controls, 


were weighed im 
ifter death and the content of 


vitamin C was measured. The average 


ug 
control gland was 190 mg., with a range of 91.1 to 438.8 mg 
vet weight of a single treated gland was 273 mg., with a range of 
100.1 to 478.5 mg. Only one of the sixteen glands in the treated group weighed 


en weighed under 160 mg. in the control group 


less than 160 mg “ile 


it of these same thirty-two glands was measured. In the 
erage ascorbic ae id content of the adrenal gland was 205 

th a range of 152 to 248 y of vitamin © Kight glands ot 
er than the average Che vitamin C content of the treated 


er gem. of gland, am range Was 2 387 4 ight 
| f gland 1 th 14 to 38 igh 


than the 


cd corlicotropu \u 


14 rabbits: 3 control animals, 9 treated with 


th cortisone. Serial sections of one-half of each 


solated sections of lung and spleen were stained 
and hematoxvlin-carbol-ftuchsin methods 

topsv, multiple small tuberculous lesions in the 

nimals treated early with corticotropin and in one 


mats. The spleet as Ilved in a seventh animal 


ropi The presence ot active tuberculosis in these arenas Wis 


willi in large numbers on smear and by culture 
ited with cortisone had metastati clisease at autopsy Pubet 
i eves examined The extensiveness of the lesions varied 
vere nflamed, and the anterior 


pts 


ch imbers 


microscopic: examination. of the sections of eves were 


Three differences were noted between the lesions in animals which 


hormones and in those of the controls 


In the former group the 
inflammatory response was impressive, there was a notable 
ibser lasts. and mvriads of tubercle bacilli were seen in all sections 


gures 5A and B (same eve as pictured during life 


in figure 1) are two low 
power photomicrographs, representative of the type of lesion which was char 


teristic of all sections studied. There was almost complete destruction of all 


ormal rehit ture behind the mitact but inflamed The 
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A 


Cross-sectior from corticotropin-treated animal whose ocular 
tuberculosis is of one month’s duration. Eve inimal pictured in figure | 
eve to ciliary bod ill 


is from 
is normal; all 


terior eve 


B. Photomicrograph 


The animal 


Posterior 
tuberculous disease is anterior segments of the an 
ire involved in the acute tuberculous 
140) of 


icute tuberculous inflammation in region of ciliary bod 
received cort 


opin tor 
weeks alt 


fourteen davs and the autopsy was performed two 
ifter cessation ot reatment 
ot tissue 


Majority, oft cells ire polymorphonuclear Small ireas 
ire visible 
High power photomi rogr iph 


destruction 
( 


x 1650) of section shown in figure 58. Tubercle bacilli 
ire present in large numbers and their phagoevtosis is evident 
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was swollen to twice its 
Both the ciliary muscle 


invaded, primarily by polymorphonucleat cells 


d there was increased vascularity im tt 
were completely replaced by acute inflammatory cells, and only a 
these areas were 


the cells in 


Multiple small 


remained 
30 per cent were polymorphonucleat 
all segments ot the ciliarv body 


normal s 
and processes 
of the The majority of 


remnant iris 
Ivmphoeytes but at least 

tissue destruction were also evident in 
ed. and there were 


onlv rare areas that conceivably 


ones ol 
obser 


Nog int vere 


| 


onjunetiva ts 
lave’ duratio 


hundre« 


iberculous gral ulomas Fibroblastic activity Was ! ot observed 
vitreous Was cloudy 


t though the 
of one ol the 


of a photomu rograph 
bacih 


high-power enlargement 
nilamed is, stained with he matoxvlin carbol-tu hsim. id-fast 
large numbers 

powel photomicrograph ola control animal whose disease 


The large caseous area in the 


i low 
four months’ duration at the time of death 
ber has peen we Il localized by a thin band of fibrous tissue simi 
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larly, the isolated tubercle within the cornea itself is well localized and the 


surrounding cornea is little involved. 


DISCUSSION 


From the above observations there is direct evidence that corticotropin 
alters the course of early tuberculosis in the rabbit’s eve. This effect varies and, 
in the main, is dependent upon the timing of the administration of the hormone 
in relation to the institution of the ocular disease. When given prior to infection, 
tuberculosis is suppressed and gross ocular lesions do not develop until the 
animal’s adrenals are no longer stimulated. During the period of artificially 
induced stress, organisms deposited in the eve remain viable and are presumably 
reproduc ng although this pont Was not cle finitely studied When ocular disease 
is established at the time of, or within fourteen davs of, the first dose of cortico 
tropin, the course of the tuberculosis is speeded, more rapid destruction of the 
eve occurs, and metastatic tuberculosis verv often develops 

Despite these initial and impressive deleterious effects during the administra 
tion of corticotropi 1 subsequent course of ocular tuberculosis due to human 
strain tubercle bacilli significantly different from that in untreated con 
trols and follows the cor expected in a tuberculin-sensitized animal (1 
Although pel pheral . nation occurs and although the eve becomes cle 
stroved during exposure to corticotropin, the animal survives, gains weight, and 

r becomes morb the hormone is stopped after two weeks. Three months 
after withdrawal, the ‘ ‘ parallels that in the control. It seems plausible 
to presume that, whate the effect of adrenal stimulation upon tuberculosis, 
that effect eases promptly hen the stress is reduced No ¢ xplanation for the 
immediate mbhib of 1 localizing defenses, which are generally present 
the ibb ) vreat deg in human-strain tuberculous mfections. can be 


ottered | i rvations have been mace upon other animals, including 


nfections (7 

has become stabilized in the rabbit eve, with 
ution, neither corticotropin thor cortisone has 
an be presumed, therefore, that neither 
hormone il | ¢ tissue or tear dow! local disease which is of quis scent 
nature Neverthel the animal as a whole suffers from the administra 
tion of cotropil \ there is local apparently i rested tuberculosis 
Distant acut elops and the animal succumbs to a septic infection 

despite the Inapparent change in the mother lesion 
It the studies preset! cortisone had le ss eltect upon the course of tuber 
culosis il he rabbit eve s very possible that the dosage ol cortisone used Wis 
nsufficient. Beeause of this, no conclusions can be made that cortisone and 
COrticotropin 3 n different fashion upon tuberculosis in the rabbit. The doubt 
remains that cortisone is as capable of inhibiting the formation of new inflam- 


matory tissue as that which occurs with whole gland stimulation by cortico 


tropin. Indeed, it is logical to presume that in these sets of circumstances cortico 


tropin ~ thre more powe riul cle terrent to early adequate healing 


| 
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Maximal stimulating effect upon adrenal glands was obtained from the dos: 
of corticotropi lized. Hypertrophy of the adrenal was universal and the 
wid |e vis statistically greater in these than im all controls This 
provide Sf det that in the present studies the glands were being stimulated 


toa marked degree and that the observations recorded were ¢ iused by that 


stimulation 
Excessive adrenal stimulation did not change the two immunologic charac 


teristics of tuberculosis in the rabbit that were measured, t= the skin reaction 
to Old Tubereulin and circulating hemagglutinins. Whatever the action of 
corticotropin upon the course of ocular tuberculosis in the rabbit may be 
that action certainly does not involve those two defenses of the animal. This is 
not an unusual phenomenon, for similar observations have been reported in 


other bacterial infections in other animals as well as in man (7, 8 

Precisely how adrenal stimulation——or perhaps corticotropin per se-——acts upon 
local infection with tuberele bacilli remains totally speculative. The course of 
early ocular tuberculosis in the rabbit is affected by corticotropin, however 
and the alteration is a deleterious one The normal and early response ol the 
rabbit eve infect vith human-strain tubercle bacilli is generally an effective 


It is not so when under the influence of the adrenocorticotropir hor 


re SPOTS 


Theorie 


SUMMARY 


Corticotropin (ACTH) in dosage which assures maximal response upon the 


adrenal glands of rabbits alters the course of an ocular infection with human 
type tubercle bacilli. For the most part, the alteration upon early ocular tuber 
culous infeetions is a de leterious one. | pon established disease, the local effect 


is less demonstrable, but deleterious effects upon animals as a whole were noted 
The change which corticotropin exerts upon early tuberculous disease in the 
rabbit eve is characterized by the animal's reduced ability to respond with 
standard inflammation and to localize the infection 


C ortisone the dosage used. did not alter to the degree the course ot 


ocular tuberculosis in the rabbit 


SUMARIO 


i dosis que megure obteneron de ta respuest maxim 
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evolucion de la inteecrn su mavor parte lteracion 
mes tuberculosas incipientes es perjudicial. En enfermedad 


il es menos demonstrable, pero para el animal et mjunto, el 
modificacién que la eorticotropina introduce en ifermedad 
la menor capacidad del animal para reaecionar con Ia inflama 


la infeecién 
usadas que pueden haber sido insuficientes 


de la tuberculosis ocular en el conejo 
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nde tude de la tuberculose: IIT. Action des hormones s énale 
l” hormone corticotrope (ACTH de la 
glande surrénale du nfecté, } | | 
ction est ¢ grande | ‘ cive. Sur la maladie établie, Veffet local est moins demor 
trable. 1 pour rg sme mal. dans son ensemble, effet est encore mauvats La 
modification pport r ’hormone corticotrope, dans la phase initiale de la maladie 
se caracterise par une ad ition de laa’ de l’animal A réagir sous la forme de pre 
cessus inflammatoires standards et 
I ortisone, aux doses uti] été insuffisantes, 1 pas altére 
iu méme deg e cours ce chez le lapit 
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INTRODUCTION 
The significance of shadows in chest roentgenograms of infants and young 


children Is frequently ditheult to evaluate This Is due, in part to the rapid 


respiratory excursions and difficulty in posturing and maintaining the posture 


of the infant or child while the roentgenogram is being made. Attention has 
heen called to some of the pitfalls and difficulties by Shapiro and Bell (1 


Farrell (2), and Cafl 3 
One of the perple Xing problems in the Interpretation ol shadows observed in 


roentgenograms of the lungs has been the significance of widened mediastinums 


and triangular shadows at the hila of the lungs. The nature and significance of 


shadows of this tvpe are equivocal Phe work of Harvey 1) and Harvey and 
Bromer (5) has clarified the problem to some extent. It has become evident, 


howe ve that tl number ol disease entities can produce the lesion question 


In eral, the conclusion has been reached that tuberculosis is a relatively 
Infrequent Cause 

Few irticles dealing vith this problem have been published by physicians who 
special e in diseases of the chest The proble m has been recognized and dealt 
with more Irequet tly bv the general and pediatric raciologist With meres 
survey) methods tis expe ted that the phenomenon will be 
quently. Continued 


noted more tre 
accumulation ol data Is 1 eeded to remove riches sion im the 
disposition ma ire of the abnormality 


PLAN OF INVESTIGATION 
Vou opportunity to tinal, observe, and follow iduals showing such 
lesior S 


the course of study of roentgenograms of a group of 3,008 persons, 


ranging in age from birth to twenty vears of age. This group of persons was 


included in an investigation initiated in 1936 by the Office of Indian Affairs 


and The Henry Phipps Institute, University of Pennsylvania (6), on the value 


n control of tuberculosis. Of this group ot 3.008 persons, 1551 


racutaneous injection of BCG vaccine, while 1457 received an 
racutaneous injection of physiological saline solution and served as controls 
Lhe subyects vere examined roentgenographically ind tested 


for cutaneous 
hvpersensit tv te 


» tubers uloprotein each year tor an eleven vear riod ( hest 


rocentgenograms of these CHSCs have been carefully reviewed by the writer to 


determine the incidence of pulmonary lesions. Interpretation of the individual 


films was made without knowledge whether the person concerned had received 


oF is 


cutaneous reactor to tuberculoproten 
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OBSERVATIONS 
In the course of the studv, 10 cases were found in which the films showed an 
\ typical case is illustrated in figure | 


abnormal triangular hilar shadow 


a diagnosis of 


\ correlation of a number of tactors noted in the persons concerned is presented 


in table lL. In 3 cases there was sufficient evidence to warrant 
Two persons were in the control group and one Was mn the vac 


tuberculosis 
cinated group. A pre-existing lesion was noted in one case of tuberculosis in the 
the case of tuberculosis in the vaccinated group 


control group an li 


id. Roentgenogram of chest reveals rig mediastinal 
ito horizontal fissure 


project 


Studv of distribution of cases by sex revealed only one case in a male. This 
may well be chance or come idence, since eomparison with Harvey's (4) 9 cCuses 


males and 3 in females 
revealed no cases atter the age of nine vears 


showed | 


Investigation with respect to ag 
Was that of a child of three months. An effort was made to 


ance of history of contact in these patients. Four of the 10 
nite historv of contact; in 2 of them, tuberculosis de 


The earliest case 
determine the signifis 
vealed a defi 
the figures are tat 
known contacts appears significant 


patients re 
too small for definitive evaluation, the 


veloped Although 


occurrence ot 2 cases 
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was usually on the right side, as noted by Harvey (4). In his series, 
ght side and 2 on the left. The series here presented revealed 8 
iracteristic lesions on the right side and 2 on the left. Not one 
ngular density was noted, although this has been reported 

in Harvey's group, both apparently of nontuberceulous 


urred in the cases in the present series within the period 


s are recorded in table 1. A distinet correlation 

s noted in the 2 cases of the control group. Tu 

in the vaccinated group is difficult because BCG vac 

ts tuberculin sensitivitv. It has been noted, however, that an 

verculin sensitivity occurs in vaccinated persons who develop 

pulmonary berculosis An increase mm sensit t\ is noted i he case of 
N. WW \ lest eurred in 1942 and in whom a sputum positive 

tubercl \ found in March, 1943 

opinion that the lesion i relatively short duration. The 

bservation of the triangular hilar shadow in the present series 

» Ve longer duration of the lesion has been noted im the German 

the American literature Difference in duration of the abnormality 

differential diagnosis. Although the triangular density 

hin one vear, an accompanving hilar wile ning or paren hvmal 

lesion persister longer periods It is suspected therefore, that persistence of 


abnormality in association with the triangular densitv may justify a diagnosi 


culosis 


No correlation with the geographic distribution of the patients was evident 


Ih ye rad ologists have believed that these hilar abnormalities are usually 


gn and probably nontuberculous. The occurrence of anterior mediastinal 


lvinph tubers tilosis has Deal considered ul usual Cases with ste h findings 


have been presented by Buckley (7), Revher (8), and Harvey and Bromer (5 


It is concluded fre he present investigation that a diagnosis of tuberculosis 
should b nter ! if there is a history of « tact with tuberculosis, if skin 
is noted, and if a coinciding hilar node or paren hvmal 


mn two vears 


SUMMARY 


hest roentgenograms of 1,551 BCC-vaccinated persons and 
ises of hilar triangular shadows were observed. In 3 of these 
istakable pulmonary tuberculosis developed 

cases in this series, as well as in series previously reported, 

the maht No instances of bilateral involvement were seen 
patients with tuberculosis, there was a history of contact with 

} (2 control and | vaccinated), the tuberculin test was positive 

noted im geographic origin of the subjects of the studv. Nine 

ered were in males. Since previous studies have revealed 


this finding is probably a coimcidence 
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In the presence ol triangular hilar shadows, 1t Is be lieved that a diagnosis ol 
tuberculosis should be ¢ onsidered if there ts 


if skin sensitivity to tuberculin 


chymal lesion persists tor two 
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INTRODUCTION 


Karly in the studies in this laboratory on the streptomycin treatment of acute 
tuberculosis u Inea pigs, If Was noted that a subcutaneous abscess at the site 
of inoculation, which did not ulcerate and discharge its contents, would remain 
ntact during manv months of continuous treatment. This observation, as well 
as reports by other investigators (1,2) on the finding of residual areas of necroti 
tissue In lungs of patients after prolonge 1 antimicrobial therapy, stimulated one 
of the present writers to question whether present-day laboratory methods are 
idequate for the evaluation of antituberculous agents prior to their use in 
humans (3 
It has been definitely established that early acute tuberculous disease in both 


inim ils inal hum ils responds favorably to streptomys In oT the ombination ol 
streptomycin and para-aminosalieylic acid (PAS). The present report is con 
| with one phase ota long range projet t designed to study the effec toltanti 
mii robial thre rapy on experimentally produced necrotl lesions which resemble 
those of chronic pulmonary phthisis in humans. The plan was also to study the 

ce ot drug-resistant strains of VW. tuberculosis which appeared during long 
term streptomycin treatment ol such chron necrotic lesions. In view ol the 


failure to demonstrate such strains in any but a verv small percentage of guinea 


pigs with acute tuberculous lesions even after prolonged streptomycin adminis 


MATERIALS AND METHODS 
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developed the desired ronic lesions, the animals were divided into two groups: one 
of 24 remained untreated and was followed until death; the other group of 11 
1 with stre ptomyvel 15 mg. once ly iIntramus¢ ul irly for 300 davs 
th incre ed re mee to infectr produced by vaccination Previous experi 
ited that a slo progressive nodular tvpe of tuberculosis may be observed 
pigs whose resistar to inf on s been increased by vaccination with at 


d living tuber cil og of guin ngs wer rvccinated with the 


enuated human 7 mn ct me i ousl three times 


ited one ear previous to infection 
d one month previous to infeetion 


two groups ot v nated g to 


ether with 10 unvaccinated 


subcutaneously wit mg. igh the virulent VW. 

Ninetv-six da fter infeetion representative sample of the vaccinated pigs \ 
the following day the remaining vaceir 


i) mg. once daily intramuscularly. Treat 


ter which all surviving guinea pigs were 


RESULTS 
th Post Treatment Re lapsing T rculosis 


One hundred and sixty-five days after a preliminary ninety-day course of 
streptomycin treatment, the type of tuberculous disease present in this group 
of guinea pigs Was revealed by 6 animals which died of nontuberculous infection 
within a few days of the time re-treatment was started. Four of the 6 revealed 
chron tvpe lesions characterized by large discrete areas of caseation and cavity 
formation in the lungs and by large nodular tubercles in the liver and spleen 
Iwo showed scattered small tubercles in the lungs; large, irregular, hard, vel 
low areas in the liver; and very large purple spleens containing irregular necrotic 
areas All of the animals had extensive progressive tuberculosis 

Of the 24 guinea pigs that remained untreated, 11 died of streptococcal pneu 
monia or other intercurrent nontuberculous infection, and 13 died of progressive 
tuberculosis 87 to 336 days after the original ninety-day course of streptomycin 
All 13 in the latter group showed chronic type lesions, With large areas ot casea 
tion and cavitation in the lungs and large isolated nodular tubercles in the spleen 

Of the 11 re-treated animals, most of which presumably harbored chronic 


type tuberculous lesions, 2 died within five days of the onset of the second course 
ol streptomycin No cause for these deaths could be demonstrated. Six animals 
died of intercurrent infection; 3 remained alive and were sacrificed after 300 
davs of re-treatment. In table | are presented the bacteriologic and pathologi 
gross and microscopic) findings of the re-treated animals, excluding the 2 which 
died prematurely 

Five of the 6 guinea pigs which died of intercurrent infection showed very 
few residual tuberculous lesions, and their deaths were obviously caused by the 
nontuberculous disease. The sixth animal (No. 370), however, demonstrated 
active and Progress ¢ | is Ih lungs and spleen This animal had paralysis 
of the hindquarters and steady loss of weight for several weeks before death 


The brain showed no abi ormal findings, either mac roscopically or microscopi 
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TABLE 1 


ally. The amount of tuberculosis was not believed to have been sufficient to 


Wis pre sumed to be the result of an intercurrent nontuber 
bacilli cultured from the lungs and spleen were re 


sistant to | y, and susceptible to 2.5 y, of streptomycin per ml. of liquid Tween 


cause ce ath, which 


culous infection. Tubercle 


albumin medium. Direct culture of the organs on solid egg-volk-potato-glyceri 
medium (American Trudeau Society medium) showed growth in the controi 
tubes only and no growth in the tubes containing streptomycin in concentrations 
of approximately 3.5, 15, and 200 y per ml 

The 3 guinea pigs killed after 300 days of re-treatment showed very littl 
Iwo of the animals demonstrated nothing but tiny scars 


tuberculous disease 
Qne animal had several small nodular tubercles in the 


in some ol the organs 
spleen and a small amount of caseation in the left iliac lymph node. Culture of 


the macerated organs of this animal was negative, but one of 2 guinea pigs inos 


ulated with the sume mate rial developed progressive tubers ulosis The tubers le 


baci recovered from this subinoculated guinea pig proved to be resistant to I ~, 


and susceptible of streptomycin per ml. of Tween-albumin§ liquid 


medium 
the organs of the guinea pigs re-treated with streptomycin 


rhe searring 
for 300 davs may be seen in figure 1. These scars have none of the characteristics 
of tuberculous lesions, such as epithelioid cells, multinucleated giant cells, on 
caseation were presumed to be tuberculous in origin, howeve Since 
during the same vear examination of the organs of some S00 guinea pigs from 
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stock which had not been infected with tubercle bacilli failed to reveal 


the same 
similar lesions. This statement also applies to the fibrous scars around the Mal- 
the spleens of the animals in the second experiment 


pighian bodies seen 


igs after 300 da treatment with streptomycin 


guine 


Malpighian bod 


I the mid-portion there is a « 


with wide peripheral zone of fibrous tissue 
of the surface with collage 


lepression 


capsule 
lar structure is replaced by collagenous tissue, although the 
Pleural thickening is demonstrate 


ilveo 
“l at the right 


be preserved 


Vaccinated Animals 


igs were dead within 90 


10 normal unvaccinated control guinea p 


davs after infection with the virulent organisms. On the ninety-sixth dav, when 


the sample ol vecinated guinea pigs Was saat rificed, the groups consisted of the 


following 
ir previous to infection > orginal 35 animals, 13 
tuberculosis to explain deat! intercurrent infection o1 
ttle tuberculous disease ined remained alive 
rus to infection f the 20 original met 


tuberculosis ind 13 remained alive 


prey 


‘ 


Residual scars 
1. No. 687 Sple« 
B. No. Live 
of 
ces 


STREPTOMYCIN IN EXPERIMENTAL CHRONIC TUBERCULOSIS 199 

The 7 guinea pigs sa rificed from Group 1 showed large, scattered, discrete, 
firm tubercles in the lungs, many with cavity formation. Microscopically, there 
were well-defined areas of caseation with thin peripheral zones of epithelioid 
cells and scattered lymphocytes. There was no fibrous tissue in the capsules 
In manv of the lesions the caseous material had excavated, leaving true cavities 
In figure 2B may be seen two such cavities and the bronchial communication of 
one. On macroscopic examination, the livers showed a few large firm tubercles 
and, microscopically, scattered epithelioid tubercles in the portal spaces, some 
with central necrosis. Occasional areas of coalescing tubercles ranging up to ° 
mm. in diameter were noted. There was also generalized bile duct proliferation, 
as is customarily seen ina tuberculous guinea pig liver. The spleens showed many 
large discrete nodular firm tubercles, most of which were cystic Microscopii ally, 
large foci of caseation with liquefaction were observed, surrounded by thin 
zones of epithelioid cells. A few of these lesions had fibrous capsules, and numet 
ous very large fiat cells were present 

The 4 pigs sacrificed from Group 2 (vaccinated one month previous to infec 
tion) showed the same type of lesions, but these were much less extensive. The 
lungs had few to many small, discrete, gray areas which, microscopically, were 
sharply defined epithelioid cell tubercles, with central caseation and no appar 
ent capsules. The livers showed few to many small, round, gray areas and, 
microscopically, few scattered epithelioid tubercles in the portal spaces, with 
no visible necrosis. Grossly, the spleens demonstrated a few discrete, usually 
large, nodular tubercles. The organ was enlarged slightly or not at all. Micro 
si opically, the spleens were largely replaced by small epithelioid tubercles, some 
of which had central caseation. In some areas the tubercles were becoming con 
fluent, with a larger central focus of caseation. There was slight scarring, but 
the lesions were not encapsulated 

In figures 2 and 3 are presented representative microscopic sections ol the 
organs of the vaccinated guinea pigs sacrificed 96 days after infection, illustrat 
ing the pathologi lesions described above 


On the ninety-seventh day after infection, the remaining guinea pigs in both 


groups (15 in Group 1; 9 in Group 2) were started on streptomycin in dosage of 


15 mg. once daily intramuscularly. This regimen was continued for 300 days 
In the group which had been vaccinated one veat previous to infection, 2? ani 
mals died of nontuberculous pneumonia, 5 days and 32 days, respectively, 
after treatment was started. Both of these animals had advanced tuberculous 
lesions. Six animals died from causes other than tuberculous infection after 
63 to 200 davs of treatment. The organs of these animals showed either no tuber 
culosis or only a lew small isolated lesions Seven guinea pigs survived the full 
treatment period and were killed after 300 davs 

Of the guinea pigs vact inated one month previous to intection, one died of a 
central nervous system infection of unknown etiology after 32 days of treatment 
and still demonstrated advanced tuberculous lesions. One died of unknown 
cause after 176 davs of treatment, with no evidence of tuberculosis in anv of the 


Seven animals survived and were killed after 300 davs of treatment 


orgalis 
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The pertinent findings in the 14 guinea pigs which survived to the end of the 
experiment are shown in table 2 

It may be seen from the table that the animals in Group ? (vaccinated one 
month previous to infection) showed no significant lesions in any of the organs. 


Phe only gross or mi roscople e\ idences of infection were a slight fibrosis in the 


onic lesions in vaecinated guinea pigs sacrificed 96 days after infection with 
virulent tubercle baecilh 

A No. 56 Lan tg \I irgin ol a large caseous area (left) with epithelioid cells and Ivmpho 
evtes in its wall. Collagen de position is not apparent At the right is a small epithelioid 
cell tuberel 

B. No. oS Lung. Two pulmon iryv cavities are seen together with the bronchus draining 
the on the left irrow 32 

( o. OS Lung. Higher power of the wall of the cavity on the left in ““B."’ The eavit v is 
lined by granular debris infiltrated with polymorphonuclear leukoeyvtes. Beneath this 


n epithelioid cell zone, with lymphoevtie infiltration and slight searring 


lining Is seer 


spleen of one animal and, in another, a small subcutaneous abscess at the site 


of infection. Culture of material from this local abscess vielded no growth. Among 
the animals which had been vaccinated one veat previous to infection, however, 
3 demonstrated large discrete lesions of an unusual type, whereas 4 animals 
revealed verv little evidence of previous tuberculous infection. Gross and micro 


scopie eXamination of the latter 4 animals revealed the following: 
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1. Residual lesions after 300 days of streptomycin treatment in guinea pigs Vv iwecinated one year prior to infeetion 


1. No. 03 Lung. The field is occupied by a large focus of ealeified material surrounded by 


i thin collagenous ¢ ipsule with slight 
Ivmphoevtie infiltration ] vithelioid and giant cells are absent 
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virulent infection. Microscopically, most 
thelioid tubercles with thin fibrous capsules and little or no caseation 
In figure 4 mav be seen 2 residual lesions tvpical of those just deseribed 


The other 3 animals presented the following picture: 


In the lungs of one (No. A95), on the surface there were mat 


the inguinal nodes revealed confluent epi 


MOD 


irge caseous abscesses 


lear fluid. Several cavities were seen in cut 


and elevated bleblike structures cont uning clea 


Fria. 6. Residua davs of streptomvein treatment in guinea 


cinated one vear prior to fection: from the 3 animals demonstrating unusual 
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Cut sections of same liver 
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made directly from the purulent material of the evstic abscesses 


it Is show! that cultures of «ol the hepati evsts were highly POSITIVE 


tol tuber le | that each the recovered bosac were susceptl le 


to streptomyvem 


epton cin ws cpl Tub Bac 
With few exceptions, attempts were made to recover tubercle bacilli only when 


definite lesions were ble macroscopically 


\ summary of the data regarding the drug sensitivity rele bacilli 
recovered from the streptomvcin-treated animals by culture guinea pig sub 
inoculation is presented in table 3 

In the first experiment (relapsed infections) cultures were made from the 


macerated organs of 3 guinea pigs which had been re-treated for 235 to 2S1 
davs Onlv one was posit e,” and this strain Wiis susceptible to 2.04 per ml 
Material from 2 of oO guinea pigs Which survived the full 300 davs of re 
treatment was cultured and subinoculated into normal guinea pigs. Both cul 
tures were negative but tubercle bacilli were recovered from one animal by 
guinea pig subinoculation. This strain was also sensitive to 2.5 y per ml 

Pubercle bacilli were recovered from 16 guinea pigs Wu fected simultaneously 
with the animals of the first experiment and treated with streptomycin in the 
sume manner for 90 davs. These animals were then allowed to rel ipse and were 
not given anv further treatment. Of the IS strains of tubercle bacill obtained 
from these 16 guinea pigs, 16 were sensitive to O ) y ol streptomyvein pet mil. of 
liquid medium, one was sensitive to 1.0 y per ml., and on 
y per ml. (4 

Cultures were made trom 4 vaccinated guinea pigs in the second experiment 

accinated animals) which died after 32 to 180 days of streptomycin treatment; 


were “negative” and positive.” The 2 recovered strains were susceptible 


to 1.0 and 2.5 y of streptomycin per ml., respectively. Five positive cultures 


were obtained from the 3 vaccinated guinea pigs which survived the full 300 


davs ot streptomy¢ in treatment The recovered strains were all susceptible to 


streptomycin. Unfortunately, none of the cultures made from the lungs of these 
animals was positive for tubers le bacilli 
The H37Rvy strain used to infect the animals was susceptible to 0.5 y of strep- 


tomycin per ml. of Tween-albumin liquid medium. The greatest increase of 
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lent therapeutic response was obtained by re-treatment with streptomycin 
Whereas all the control guinea pigs which were not given the benefit of a second 
course of streptomycin died within 336 days after the original course of drug 
therapy, none of those re-treated with streptomycin died of progressive tuber 


culosis. Of the 6 guinea pigs in the latter group Which died prematurely ot non 


tuberculous infection, only one showed active spreading lesions, and 2 of the 3 
animals which survived the full course of 300 davs of re-treatment showed no 
evidence of tuberculous disease except tinv scars in some ol the organs Viable 
tubercle bacilli were recovered, however, by guinea pig inoculation from = the 
third animal, which had several small nodular tubercles in the spleen and a small 
amount : the left Iwmph node 

In the second experiment the low native resistance of the guinea pigs Was 


ased by previous vaccination and a much more desirable type of lesior 


from the standpoint of the objects of the experiment, was produced. This was 


especially true 1 re group Which had been vaccinated one vear previous to 
infection, for the animals sacrificed just before treatment was started in. the 
other members of the group showed pulmonary cavitation with great regular 
tv, and the livers and spleens all demonstrated large discrete firm tubercles 
many of whi CuSeCOUS material had hauetied to produce evstic abscesses 
he lesions | ind spleen called “eystic abscesses were different 
from the cavitie n in the lungs. The former were solid lesions with caseous 
eenters vhich the caseous material had | Whe n thev were sectioned 
the central purulent material escaped. The latter were mainly air-contaiming 
pulmonary envities iltthough n tew ot these lesions neat the surtace ol the ling 
vere filled with serous fluid. Only one bronchial communication was definitely 
observe { 4 uit no special effort was made to demonstrate such com 
munications m othe es. Because thev were air-contamimg, however, it 
Vas assumed that most of the cavitarv lesions in the lung did have a bronchial 
connector 
What was the effect of streptomycin on these chronic lesions? In general, 
satisfactory ther ipeutic elect Was noted although the uniformly excellent re 
sponse seen in guinea pigs with acute tuberculosis was lacking. Three of the 7 
animals vaccinated one veat previous to mfection Which survived a treatment 
course of 300 davs still preset nted large evstlike abscesses { lled with creamy pls 
containing manv tubercle bacilli, or large firm nodular tubercles, in some of the 
organs. The other 4 animals in this group showed nothing but small residual 
lesions or scars. It cannot be stated with anv degree of certaintv whv some 
chronte lesions in certain animals disappeared entirely or left nothing but fibrou: 
scars; Whereas, in others presumably the same type ol lesions remained and even 
progressed during streptomycin therapy. Evidence that the variation in results 
Vas not entirely a result of the native general resistance Ob a parti ular animal 
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INTRODUCTION 


A major problem in all tuberculosis hospitals is the rate of discharge before 
patients are considered ready for return to the community. Tollen’s classic 
monograph on the subject of ‘Irregular Discharge” (1) shows the enormity of the 
problem, highlighted by 55.6 per cent of such discharges among more than 
6,000 total tuberculosis discharges from July, 1946 through June, 1947 in the 
Veterans Administration facilities. Tollen defined irregular discharge as “any 
termination of a living patient which is not medically sanctioned by professional 
authority.” This included discharges designated A.W.O.L. (absent without leave) 
and Disciplinary Discharge. He discussed the peculiar social and psychologic 
implications of tuberculosis and the tuberculous patient. Among these were the 
necessity for long hospitalization and disruption from the community; lack of a 
specific cure; role of fear in a dreaded disease; and prevention of discharge of 
emotional and psychic energy. 

Tollen reduced many reasons for irregular discharge given by professional 
staffs, medical social workers, and patients themselves to three factors: pressure 
factors outside the hospital—personal, social, economic; factors within the 
hospital—lack of adaptation, environment, attitude of personnel, regulations, 
and treatment; and inadequacies or weaknesses in personality of patients. Social 
workers placed almost equal emphasis on all factors, favoring the last, while the 
patients studied were not enthusiastic about the part personality deficiencies 
played but pointed to factors outside or inside the hospital. 

Preventive measures mentioned by Tollen included intensive social case work 
prior to and during hospitalization; psychiatric care; more personalized treat- 
ment; more careful application of rules, ward arrangements, privileges, including 
passes; more varied recreation and rehabilitation; consideration of further 
financial aid for families of the tuberculous; and compulsory hospitalization of 
“open” cases of tuberculosis. 

Because of the continuing importance of this problem, a study has been made 
of the reason for discharge of patients from the Tuberculosis Division, Baltimore 
City Hospitals, during the period 1946 through 1951. 


OBSERVATIONS 


The results of the analysis of the cause for discharge of the tuberculous pa- 
tients during the six-year period, 1946 through 1951, may be seen in table 1. 

Detailed study of the 25 (20 per cent) irregular discharges during 1951 revealed 
the following: 


1From the Tuberculosis Division, Baltimore City Hospitals, Baltimore, Maryland. 
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There were 10 white females, 6 white males, 5 Negro females, and 4 Negro males in 
the Irregular Discharge Group. The hospital had approximately 50 per cent white and 
Negro, male and female, among 210 to 240 patients. 

There were 11 far advanced cases, 10 moderately advanced, 3 minimal, and one pleural 
effusion 

There was a finding of tubercle bacilli in the sputum within six months in 13 cases; 
the sputum had been negative for tubercle bacilli for at least six months in 10 cases; 
in 2 patients the studies were insufficient for classification. The sputum findings in- 
cluded, in most instances, both sputum culture and culture of gastric aspirations. 

The average hospitalization of the Irregular Discharge Group was 236 days and 
ranged from 4 to 988 days. Sixty-six per cent (15 patients) were in the hospital less 
than six months. At least 4 patients gave histories of chronic alcoholism. Only 2 had 
been previously hospitalized for tuberculosis. 


TABLE 1 
ANALyYsis or THe Cause ror DiscHarGe or THE TuBpERcULOUS PaTiENTs DURING THE 
Six-Year Periop 1946-1951 
PER CENT OF 


IRREGULAR 
DISCHARGES 


REGULAR IRREGULAR 
DISCHARGES DISCHARGES 


TOTAL DISCHARGES 
173 
191 
143 
142 
118 
124 


Evaluation of the reasons for irregular discharge was made from case histories, state- 
ment of the patient at time of discharge, medical social worker’s comments, and state- 
ments of patient and public health nurse at follow-up visit when patient could be found. 
Many times several reasons were given; often the patient’s reasons differed from the 
observations of the hospital or public health nurse. Using Tollen’s classification, the 
major reasons were charted as follows: 


Domestic or family problems 

Immaturity or irresponsibility of the patient 

Failure to comprehend seriousness of physical condition 

Fear of surgery 

Belief that proper care could be obtained at home 

Desire to go to a hospital closer to home or to another hospital 


Among the patients with domestic or family problems was a young Negro 
female who said she was told she would come in merely for thoracentesis; she 
was in her ninth pregnancy and had children and a drunken husband at home. 
An elderly white female had a serious family problem involving theft, but 
believed she had already been cured by prayer; when visited later she had 
sought no further medical care. One young Negro woman was determined to 
find her errant husband and take care of her four children. Another young 
white female had four children and had just married another man who had to 


| 1946 165 80 93 56 
1947 146 65 126 66 
1948 118 77 41 16 
1949 SO 107 35 25 
nl 1950 84 104 14 12 
1951 60 Q9 25 20 
8 
1 
3 
4 
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care for the children. An older white female left to be with a younger man, not 
her husband. There were usually problems which the patient did not discuss 
completely, and reasons could only be pieced together by observation and 
various extra channels. 

Four patients with a long history of alcoholism were among those irregular 
discharges due to immaturity or irresponsibility of the patient. The others gave 
evidence during their hospital stay of inability to adapt to the hospital routine. 

One young white female was a mild schizophrenic, but the psychiatric con- 
sultant believed that she should be kept in the tuberculosis hospital as long as 
possible. Another young white female who had recently had a baby could not 
be made to realize that she had tuberculosis. A minister told the patient and 
her physician that she had been cured by prayer and could leave the hospital. 

A young Negro female had had a previous lobectomy. When told she needed 
further surgery, she walked out although she was told she could remain even if 
she decided against the surgical procedure. 

Three patients decided they could receive proper care at home. One Negro 
female, just after surgery, had an additional personal problem she would not 
discuss. Another young white female had a problem with her husband and had 
a sister who had just been discharged to a satisfactory home. An elderly white 
female believed she could get along well at home after almost three years of 
hospitalization, although the home condition was unsatisfactory and the patient 
refused to have sputum (gastric) washings examined for tubercle bacilli. 


Four patients gave as their reasons for leaving the desire to go to hospitals 
near home in another state or desire to have surgery elsewhere. Again, these 
reasons were not easily checked, and in one instance an older Negro male went 
to Washington, D. C., then to Henryton State Hospital, Maryland, where 
even now he refuses to allow the surgical procedure which has been recom- 


mended. 

Several factors may have had important roles in the rapid decrease in irregular 
discharges at Baltimore City Hospitals since 1948. The state of Maryland 
changed regulations so that the “means” test for tuberculosis patients was 
abolished. A terrific economic burden was lifted from many patients who might 
otherwise have been unable to remain in the hospital while meager holdings were 
dissipated. Advances in treatment, particularly the use of streptomycin alone 
or with surgery, gave more patients hope of eventual discharge as arrested cases. 

Finally, the hospital staff became more active in working as a team. Since 
1949, weekly conferences have been held and have been attended by physicians, 
chief nurses, rehabilitation workers, the medical social worker, dietitian, chaplain, 
and various interested or invited guests. The newly admitted patients, the 
pending discharges, mutual problems, and plans have all been discussed and 
many long-existing difficulties have been satisfactorily settled. By pooling knowl- 
edge and resources, it has been possible to gain greater knowledge and under- 
standing of the patients. 

Monthly Pending Discharge Conferences have been established, at which the 
hospital staff meets with local agencies, including the health department and 
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department of public welfare. As many as 50 public health nurses at a time 
have discussed patients they knew at home before hospitalization and have 
given information of their background and problems. Representatives of all 
interested agencies and resources have been invited to discuss the entire question 
of discharge and rehabilitation. In many instances information obtained has 
helped other patients remain in the hospital or given opportunities to afford 
earlier discharge to a satisfactory home and economic environment. 

Most of the medical social work has been done by one part-time, trained 
worker, who worked primarily with pending discharges. However, by wise uti- 
lization of nurses’ and community agencies, she has worked with maximum ef- 
ficiency. 

It is difficult to establish how many of the regular discharges at one time or 
another were ready to leave against advice. It is known that many of the pa- 
tients originally came into the hospital prepared to stay several weeks or months, 
as predicted by an outside physician. Careful explanation and handling by the 
staff kept most of these through a year or two and eventually to planned dis- 
charge. Others became dissatisfied with food, regulations, staff, other patients, 
treatments, or had numerous minor complaints that threatened to make them 
leave. The treatment of tuberculosis is long and tiresome, and the present 
writer believes that at least 75 per cent and perhaps all patients at one time or 
another reach a point at which they are ready to leave the hospital against 
medical advice. Some are too sick to carry out this decision, most realize the 


impracticality of such a plan, and it is the minority of patients who do leave 


against the advice of the physicians. 
DISCUSSION 

Attempts to reduce irregular discharges from tuberculosis hospitals should 
begin with a careful analysis of reasons for occurrence. Next must come a decision 
in regard to which reasons are preventable. Finally, a detailed attack can be 
outlined. 

Each case presents separate individual problems, but in the over-all picture 
certain facts appear so consistently as to allow reasonable generalization. Mini- 
mal cases of pulmonary tuberculosis need shorter hospitalization. Early diagnosis 
should find more minimal cases. These patients with favorable outlook have 
more reason to remain hospitalized until ready to be discharged to the com- 
munity. 

Complete evaluation of the patient, including emotional, social, and economic 
status, should be done as soon as possible. A careful history will often allow 
recognition of problems, not only acute but incipient. If all outside problems 
could be settled before hospitalization, the path to recovery would be smoother. 
Many women consider proper care and placement of children their chief problem. 
Men frequently need help with financial aid for their families. Such an evalua- 
tion comprised mostly of social case-work type of investigation needs to be 
continuous throughout hospitalization. Periodic discussion with families and 
friends may permit problems to be solved before they become major issues. 
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Once problems become critical, many patients lose their perspective and the 
ability to reason calmly, and leave the hospital as their only course. 

Education and orientation concerning tuberculosis and the patient’s own 
disease process should be given early. Often the first information given makes 
the greatest impression and, if it is faulty or incomplete, the patient does not 
have a true appreciation of his condition. A basis for the future should be laid 
in discussion at the time of presentation of the original diagnosis. Too often 
does the patient believe he will be hospitalized only a few weeks and makes plans 
accordingly, only to be shocked at his hospital physician’s estimate. 

Once in the hospital there should be a continuous educational program, 
including orientation, discussion of his disease with treatment plan, hospital 
regulations and routines, and sources of help. A real attempt should be made to 
show the patient he is in a hospital particularly suited to treat tuberculosis, 
where everything will be done to return him well to the community as soon as 
possible. Each member of the hospital staff plays a role. Physician, nurse, 
minister, medical social worker, occupational therapist, rehabilitation workers, 
librarian, dietitian, all come in contact with the patient and on their coordinated 
effort depends his physical and mental well-being. Frequent visits by all of these, 
particularly an understanding physician, can alleviate mounting emotional 
tension. As time goes on, changes in therapy or routine should be carefully 
explained. 

Occasionally, emergency problems arise or a crisis occurs in a smouldering 
problem. If all available agencies cannot handle the problem, a short 
“emergency” pass may be the solution. The patient must be in sufficiently good 
condition to allow this, and hospital staff assistance is usually added. Often 
such problems are considered personal and private. Patients may refuse help 
and leave the hospital to handle the situation their own way. Close association 
and understanding between the staff and patients should keep such occurrences 
to a minimum. Once a patient leaves the hospital against advice, even for 
emergency situations, it is unlikely he will return immediately for continuation 
of treatment. In a few cases in the present series, attempts were made to have 
such patients seen by staff or public health nurses and urged to return within a 
few days. In rare instances, this has been successful and the practice well worth 
the effort. 

Psychiatric care is valuable, at times mandatory, for treatment or commit- 
ment of psychotic patients. Mild schizophrenic or depressed patients may offer 
considerable problems. Some patients have home conditions which allow return 
earlier than others. Full use should be made of such opportunities, but only 
after careful consultation with the family and physician or clinic which will 
maintain the follow-up observation. 

There are a group of ambulant chronic patients, healthy in other respects 
but who discharge tubercle bacilli in the sputum intermittently. They are 
considered to have received “maximum benefit of hospitalization” although 
they are still a danger to the community. Every attempt should be made to 
evaluate their home and community situation. Many can be placed in the 
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community as a minimal public health hazard and as useful citizens. Some 
patients are content to relax in institutions, getting food, lodging, and what 
they consider an adequate existence. Others think that institutional life is too 
restricted or inadequate, have no community responsibility, and leave when an 
opportunity presents itself. Others have homes available but cannot be con- 


sidered safe risks. 

At the present time the solution to the chronic “positive” ambulant patient 
who leaves an institution against advice seems to be compulsory hospitalization. 
Some day a carefully planned rehabilitation facility will find work and compen- 
sation for these unfortunates under living conditions resembling those in the 
healthy community. 

This problem of irregular discharges is constantly with us. Solution depends 
on vigilant, well-organized, efficient, and understanding staff work by all mem- 
bers of the tuberculosis team, hospital, and community. 


REFERENCE 


(1) Totien, W. B.: Irregular Discharge: The Problem of Hospitalization of the Tubercu 
lous, Veterans Administration, Washington, D. C., 1948. 


THE REVERSAL OF THE ACTIVITY OF ANTITUBERCULOUS 
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INTRODUCTION 


Investigators in the field of chemotherapy often are disappointed by the 
failure in vivo of a compound which has shown great promise against infectious 
agents in vitro. This has been the case since the days of Ehrlich’s work on the 
arsenicals. 

In 1932, Wells and Long (5) attributed such failures to changes which a specific 
chemotherapeutic agent may undergo in the animal tissues, the binding and 
inactivating power of the plasma, and the effect of the growing bacilli on the 
drug. D’Arcy Hart (1), in reviewing the status of the chemotherapy of tuber- 
culosis in 1946, stated that the ultimate failure of a drug which is active in 
vitro could be caused by its failure to reach the site of infection, its inactivation 
by antagonistic substances in the body, or by the excessive speed of its metabolic 
destruction or excretion. 

In a thorough and systematic study of a drug’s activity in vivo, consideration 
should be given to the rate of its absorption into the blood stream, its distribu- 
tion in the body, and its rate of destruction and excretion. A further considera- 
tion is the concentration of drug in the blood as compared with its inhibiting 
level in vitro. An additional factor is the possible interfering action of blood and 
other body constituents on the activity of the compound. 

It is evident that many factors play roles in causing differences between 
in vitro and in vivo activities of various compounds. In large chemotherapeutic 
programs involving the study of several thousand compounds, it would be a 
hopeless task to attempt to examine each of these factors with every compound 
studied. Hence, efforts to lay down general principles applicable to specific types 
of compounds would appear to be worth while. 

In a recent publication by Donovick, Rake, and Titus (2), it was shown that, 
even though factors such as absorption, blood level, and serum inactivation 
were accounted for, in vitro and in vivo activities were not easily correlated. It 
was of interest, therefore, to investigate more thoroughly other factors which 
might play a role in vivo in reducing or destroying the antituberculous action of 
compounds showing high activity in vitro. It seemed reasonable to assume that 
metabolite-antimetabolite competition in the body could explain the failure of 
many of these compounds. 

Woods and Fildes (6), in their studies on the inactivation of sulfonamides, 
demonstrated that knowledge of the point of interference of antimetabolites 
could yield new information on the essential metabolism of the microorganism 
being studied. The metabolism of Mycobacterium tuberculosis presents a somewhat 
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219 


220 DONOVICK, BAYAN, AND HAMRE 


special and intriguing problem. For growth in vitro, the demands of M. tuber- 
culosis are remarkably simple. In a medium containing potassium, magnesium, 
sulfate, and phosphate ions, together with an inorganic ammonium salt as a 
nitrogen source, and a simple source of carbon such as glycerol, growth occurs 
readily for many strains. If, in addition, a surface active agent is added, such as 
Tween 80? or Triton A-20° at low concentrations, the rate of growth may be 
enhanced. Higher concentrations of these latter compounds are inhibitory. Thus, 
from such simple components in the culture medium this microorganism, which 
has at times been thought to be fastidious in its demands, is capable of synthesiz- 
ing complex proteins, enzymes, and many growth factors. 

The microorganism used in the present studies was M. tuberculosis var. 
bovis, strain BCG. Although the value of using the nonpathogenic BGC strain 
in an in vitro test for antituberculous compounds might be questioned, compara- 
tive tests of the in vitro activities of many compounds showed that the BCG, 
Ravenel, and H37Rv strains of M. tuberculosis were remarkably similar in their 
in vitro sensitivities, and it appeared reasonable to use the response of BCG as a 
measure of the response of the pathogenic strain under the conditions of these 


tests. 
METHODS 


Briefly, the reversal studies were set up in the following manner. The compound being 
studied was added to 18 ml. of a modified Kirchner’s medium, shown in table 1, to give a 
final concentration approximately twice the minimal inhibiting level. The reversing agent 
was added to the same flask, and the flask was then inoculated with a standard amount of 
culture. After seven days’ incubation at 37°C., the turbidity of the flask was measured by 
means of a photoelectric colorimeter and compared with control flasks containing drug 
alone and with flasks with no drug. For the purpose of comparing results of different ex- 
periments, the coefficient of inactivation was calculated, using the equation shown in 
table 2. Coefficients below 25 were not considered significant reversal of activity. 


OBSERVATIONS 


An approach which has been used in designing compounds potentially of 
chemotherapeutic use has been the preparation of an analogue of a compound 
known to be a metabolite for the particular pathogenic organism of interest. As 
has already been mentioned, M. tuberculosis does not readily lend itself to such 
an approach because of its simple growth requirements. There was available in 
these laboratories, however, a very large supply of compounds which caused in- 
hibition of the growth of BCG in vitro at relatively low concentrations (0.03 
mg. per ml. and less). Within this wide selection of compounds it appeared that 
some might possibly be reversed by certain compounds which were known to be 
essential nutrients for other microorganisms, but not known to be such for M. 
tuberculosis. The basis for such a tentative assumption was that the chemical or 


? Proprietary name for Sorbitan monooleate, obtained from the Atlas Powder Co., 


Wilmington, Delaware 
* Proprietary name for aryl-alkyl polyether of phenol, obtained from Rohm and Haas, 


Philadelphia, Pa 


REVERSAL OF ACTIVITY OF ANTITUBERCULOUS COMPOUNDS 


physical structure of some of these antituberculous compounds resembled those 
of some of the known essential metabolites. It was soon apparent that this ap- 
proach was not fruitful, and a broader empirical method was attempted. Large 
groups of compounds were screened by testing them in the presence of the fol- 
lowing: (/) serum, (2) vitamin mixtures, (3) para-aminobenzoic acid (PABA), 
(4) casein hydrolysate, and (5) pure amino acid mixtures. 

Serum was used essentially for eliminating compounds at least temporarily 
from further study, since it was felt that elucidation of the significance of re- 
versal by this substance could in itself be a very long-term study. Some of these 
findings with serum have been presented in an earlier paper (2). It might be 


TABLE 1 
KirRcHNER’s Mepium wits Triton A-20 


PER CENT 


Asparagine 0.5 
Glycerol 2.0 
Sodium citrate 0.25 
MgS0,-7H,0 0.06 
Na,HPO, 0.3 
KH,PO, 0.4 
Triton A-20* 0.02 


* Described by the manufacturer, Rohm & Haas Company, Philadelphia, Pennsyl- 
vania, as an aryl-alkyl polyether of phenol. 


TABLE 2 


CALCULATION OF Per Cent Reversat or Druo Activity 


log D — log (D + I) 
log D — log C xX 100 = per cent reversal 
where: D = per cent transmission with drug alone 
D + I = per cent transmission with drug + inactivator 
C = per cent transmission of culture alone 


added in passing that serum albumin appeared to be responsible for much of the 
reversing ability of serum, while serum globulin apparently had little effect. 

The vitamin mixtures were made up roughly on the basis of the vitamin com- 
position which has been reported in the literature to be found in M. tuberculosis. 
Para-aminobenzoic acid was not included in these mixtures, since this compound 
was investigated in special studies. The activity of very few compounds was 
affected by the vitamin mixtures employed. 

Para-aminobenzoic acid, of course, has received wide attention, but generally 
in connection with the metabolism of organisms other than M. tuberculosis. 
Nevertheless, Goodacre and associates (4) have shown that PABA can reduce 
the activity of p-aminosalicylic acid; and, similarly, Fitzgerald and Feinstone 
(3) have reported that PABA can reduce the activity of certain sulfonamides 
for acid-fast bacteria. Hence, there was already good reason to believe that 
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PABA played a role in the metabolism of M. tuberculosis similar to that in other 
types of microorganisms. 


TABLE 3 
REVERSAL BY p-AMINOBENzOIC Acip (PABA) 


INHIBITOR PER CENT 
REVERSAL BY 
PABA (0.1 MG/ML) 


Structure Mg. per Ml. 


N——— CH 0.05 79 


H,N—< > -S0:NH—C CH 


sulfathiazole 


8 


p-nitro-N -2-thiazolylbenzene-sulfonamide 


H;N—< 


OH 


p-aminosalicylic acid 


— 4 
p-nitrobenzoic acid 


p, p’-diaminodiphenylsulfone 


HO—< 
p, p’-dihydroxydiphenylsulfone 
Reversals were calculated by the method shown in table 2. 
For the studies with PABA, 100 compounds were selected on the basis of 
high in vitro activity, regardless of their activity tn vivo; none of the compounds 


were seriously affected by the presence of serum. Of these, less than 10 per cent 
were inactivated by PABA to a significant degree. Of the drugs affected by 


N—— CH 0.01 
- ~ 1] 
O.N -—80,NH—C CH 
| 
| 
Oo 0.05 78 
\ 
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PABA, there was more than 75 per cent inactivation of sulfathiazole, diamino- 
diphenylsulfone, and para-aminosalicylic acid. A comparison of the ability of 
PABA to reverse several closely related compounds is shown in table 3. It is of 
interest that PABA had no effect on the para nitro analogue of sulfathiazole, on 
paranitrobenzoic acid, or on dihydroxydiphenylsulfone. 

As can be seen in table 4, the reversal of the activity of sulfathiazole and 
diaminodiphenylsulfone by PABA is clearly competitive, a twofold drug increase 
reducing this action appreciably. It appears, however, that the action of PABA 
on para-aminosalicylic acid is of a different nature, for even at a thousandfold 
increase in the concentration of this drug PABA still caused reversal. 


TABLE 4 
Errect oF INHIBITOR CONCENTRATION ON REVERSAL BY p-AMINOBENZOIC Actp (PABA) 


INHIBITOR | INHIBITOR/ PER CENT 


| PABA MOLAR | REVERSAL BY 
RATIO | Pasa (0.1 


Structure | Mg. per MI. | MG/M.) 


N——CH 0.1 5 78 

—~ | | | 0.2 49 
H,N—< CH 0.4 13 
/ | | 


5 


sulfathiazole 


H,N—< > >—NH; 
O 


p, p’-diaminodiphenylsulfone 


H,N—< 


OH 
p-aminosalicylic acid 


It was not possible to demonstrate any reversing action by folic acid of any 
compounds reversed by PABA. Such activity would be expected if one assumed 
that the drugs compete with PABA and block the synthesis of folic acid. It is 
possible that other folic acid-containing compounds may effect such reversals, 
but in the absence of positive evidence the present writers believe that this re- 
mains an open question. 

On the basis of reports on the inhibition of microorganisms by amino acid 
analogues, amino acids were also considered as possible inactivating agents. An 
enzymatic hydrolysate of casein, chosen as a mixture of naturally occurring 
amino acids, was used in reversal studies on more than 100 compounds active 
in vitro. Approximately 40 per cent of these compounds were appreciably reduced 
in activity in the presence of casein hydrolysate. 
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; | | | 
| 0.05 | 0.25 81 
| 0.1 0.5 76 i 
0.2 1 53 
0.4 2 0 
—_— | 0.0002 | 0.002 | 100 
0.002 0.02 93 
0.02 | 0.2 94 
\ 
\ 
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When these results were compared with the reversals of these compounds by 
serum and by PABA, it was apparent that in most instances the three agents 
acted on different compounds. Considering the heterogenous nature of the drugs 


TABLE 5 
REVERSAL BY AMINO ACIDS 


INHIBITOR PER CENT REVERSAL OF ACTIVITY BY 

Amino 

Casein Acid |< 

Mg. per Ml. Hydrol Mix. | SPecific Amino Acids 
y 7 


ture | 


sate 


0.01 73 72 | Methionine 67 


2,6-diamino-3-iodopyridine 


Lysine 100 
| Proline 100 


4-methoxy-m-phenylenediamine dihydrochloride 


0.0005 78 77 | Histidine 80 


OH 
8-hydroxyquinoline 


0.00001 83 | Histidine 83 


| 


OH 
N-hydroxy-2-pyridinethione 


0.00025 2 istidine 5 
CH==N ‘—NHs 66 | Histidine 50 


OH OH . 


2,3-dihydroxybenzaldehyde, 3-thiosemicarbazone 

Reversals were calculated by the method shown in table 2. 
selected for this study, it was interesting to note how frequently compounds of 
similar structure fell into similar groups in this comparison. 

A mixture of nineteen pure amino acids was then prepared to approximate the 
amino acid composition of casein. The reversing ability of this mixture was 


| | | 
H,N— N —NH; 
OCH; 0.02 80 100 
\ NH, 
-2HCI 
NH, 
| q | 
| 
7 ) 
| 


REVERSAL OF ACTIVITY OF ANTITUBERCULOUS COMPOUNDS 


almost identical to that of casein hydrolysate. The amino acids were then divided 
into four groups, and the various compounds were tested for their activity in the 
presence of these separate amino acid groups. This was done in order to simplify 
the problem of detecting which amino acids were causing the reversal. When 
any group of amino acids was found to be capable of reducing the activity of a 
given compound, the individual amino acids in that group were then tested for 
this reversing ability. By this process of elimination, histidine was found to 
reverse the activity of 8-hydroxyquinoline, 2 ,3-dihydroxybenzaldehyde, 3-thio- 


TABLE 6 
REVERSAL BY HISTIDINE AND HEMATIN 


PER CENT REVERSAL OF 


INHIBITOR INHIBITOR BY 


- Histidine 0.6 | Hematin 0.005 
eee Mg. per Mi. Mg. per Ml. Mg. per ml. 


0.0005 80 90 


8-hydroxyquinoline 


0.00001 


< >—CH=N—NH—C—NH; — 


OH ‘OH 


2,3-dihydroxybenzaldehyde, 3-thiosemicarbazone 

Reversals were calculated by the method shown in table 2 

semicarbazone, and several pyridine-thiones. 2,6-Diamino-3-iodopyridine was 
inactivated by methionine, while lysine and proline were both capable of re- 
versing 4-methoxy-m-phenylenediamine-dihydrochloride (table 5). 

The nature of these reversals may provide a valuable clue with regard to 
the mode of action of antituberculous drugs. If the action of these drugs lies in 
the inhibition of amino acid synthesis, then the amino acid at a concentration 
sufficient to meet the needs of the tubercle bacillus should inactivate any con- 
centration of drug. If, however, the drugs act by interfering with the utilization 
of a specific amino acid, then a competitive reversal exists, and the concentration 
of amino acid required for reversal is dependent on the drug concentration. With 
compounds reported here, the reversals by amino acids were of a competitive 


t \ 
225 
N 
OH 
JAN 83 95 
) 
| 
| 
OH 
N-hydroxy-2-pyridinethione 
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nature, with a rather constant ratio being maintained between the concentration 
of drug and that of the amino acid required for significant reversal of activity. 

The group of compounds reversed by histidine was particularly interesting 
because they were also found to be inactivated by hematin (table 6). Since 
8-hydroxyquinoline is known to form complexes with metals, it seemed possible 
that the organism could substitute the iron in hematin for that bound by the 
drug. The role of histidine in such reversals might also be connected with iron 
complexing, since histidine is believed to be present in the porphyrin residue of 
cytochrome in coordination with the iron atom. 

If these compounds are active solely because of their chelating ability, it 
should be possible to reverse their activities by addition of sufficient iron to 
replace that bound by the complex. Studies by the present investigators of 
reversal by iron have yielded variable and confusing results thus far, particularly 
with the pyridine-thione compounds. These investigations with iron as well as 
with other metals are being continued. 

The present report is only an introduction to a most complex problem and is 
the first of a series planned to cover various aspects of this subject. Inactivation 
of compounds by blood components and elucidation of the components involved 
present a formidable problem in itself. Inactivation by simpler systems such as 
PABA and/or amino acids offers a more encouraging line of approach. It is 
interesting that some of the compounds showing the highest activity in vitro 
but failing in vivo are those reversed by histidine, and there are good indications 
that some of these are also inactivated by iron. This leads one back to the 
question of the intermediary metabolism of this rather remarkably bio-synthetic 
organism. It is in this direction that most intensive efforts are being directed at 


present in these laboratories. 


SUMMARY 


By the employment of BCG, grown in a simple synthetic medium as the test 
organism, it was possible to confirm the ability of p-aminobenzoic acid (PABA) 
to reverse the inhibition of growth by sulfathiazole, p-aminosalicylic acid, and 
p,p’-diaminodiphenylsulfone. The inhibition of BCG growth by p-nitrobenzoic 
acid, p-nitro-N-(2-thiazolyl) benzenesulfonamide, and p,p’-dihydroxydiphenyl- 
sulfone was not reversed by PABA. 

A systematic study of the reversing effect of amino acids disclosed that lysine 
and proline reversed the effect of 4-methoxy-m-phenylenediaminedihydrochlo- 
ride. Histidine reversed the effects of 1-hydroxy-2(1)-pyridinethione; 8-hydroxy- 
quinoline; and 2,3-dihydroxybenzaldehyde, 3 thiosemicarbazone. Methionine 
reversed the action of 2,6-diamino, 3-iodopyridine. The activity of the com- 
pounds which were reversed by histidine could also be reversed by hematin. 


SUMARIO 
Viraje de la Activada de los Compuestos Antituberculosos in Vitro 


Empleando BCG, cultivado en un sencillo medio sintético, como microorganismo de 
ensayo, fué posible confirmar la capacidad del Acido p-aminobenzoico para revertir la in- 
hibicién del desarrollo por el sulfatiazol, el &cido p-aminosalicilico y la p, p’-diaminodi- 
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fenilsulfona. El] PABA no hizo virar la inhibicién del crecimiento del BCG producida por el 
Acido p-nitrobenzoico, la p-nitro-N-(2-tiazolil) bencenosulfonamida y la p, p’-dihidroxidi- 
fenilsulfona. 

Un estudio sistemdtico del efecto revertidor de los f4cidos am{fnicos revelé que la lisina 
y la prolina viraban el efecto del biclorhidrato de 4-metoxi-m-fenilenodiamina. La histi- 
dina invirtié los efectos de la 1-hidroxi-2(1)-piridina-tiona, la 8-hidroxiquinolina, y la 
2,3-dihidroxibenzaldehido, 3 tiosemicarbazona. La metionina invirtié la accién de la 2,6- 
diamino, 3-yodopirina. Los compuestos revertidos por la histidina lo fueron también por 
la hematina. 


RESUME 
Inversion de l’action de composés antituberculeuz, in vitro 


Il a été possible, en employant comme microorganisme d’épreuve, le BCG cultivé dans 
un milieu synthétique simple, de confirmer le pouvoir que posséde |’acide p-aminoben- 
zoique d’inverser |’inhibition de la culture par le sulfathiazol, l’acide p-aminosalicylique 
et le p, p’-diaminodiphénylsulfone. L’inhibition du développement du BCG par I’acide p- 
nitrobenzoique, p-nitro-N-(2-thiazolyl) benzénesulfonamide et par le p, p’-dihydroxy- 
diphénylsulfone n’était pas inversée par le PABA. 

Une étude systématique de |’effet d’inversion des acides aminés a montré que la lyzine 
et la proline inversaient |’action du chlorhydrate de 4-méthoxy-m-phénylénediamine. 
L’histidine inversait les effets de 1-hydroxy-2(1)-pyridine-thione; de 8-hydroxyquinoline 
et de 2,3-dihydroxybenzaldéhyde, 3 thiosémicarbazone. La méthionine inversait l’action 
de la 2,6-diamino, 3-iodopyridine. Ces composés, sur lesquels l’histidine exergait une action 
d’inversion, étaient également inversés par |’hématine. 
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THE EFFECT OF PROBENECID (BENEMID) IN ENHANCING PARA- 
AMINOSALICYLIC ACID CONCENTRATIONS IN THE BLOOD! 
ROBERT B. BREITENBUCHER, DONALD 8. AMATUZIO, anv A. FALK 

(Received for publication March 7, 1952) 
INTRODUCTION 

The efficacy of para-aminosalicylic acid (PAS) alone or in combination with 
streptomycin in the treatment of tuberculosis is well established. Effective 
bacteriostatic levels against the tubercle bacillus are reported to be 0.015 to 
1.5 mg. per 100 ml. of plasma (1). It is probable, however, that if such concen- 
trations are to be achieved in the extravascular diseased areas of the body, 
even higher concentrations must be maintained in the plasma. 

Para-aminosalicylic acid is readily absorbed from the gastrointestinal tract 
and rapidly excreted in the urine. Approximately 85 per cent of a given dose 
may be recovered from the urine as the conjugated or free amines in a period 
of seven hours (2). Plasma concentrations of PAS after a single dose of 4 gm. 
will be in the vicinity of 9.5 mg. per 100 ml. in one-half hour, 8 mg. per 100 
ml. in two hours, 2 mg. per 100 ml. in four hours, and 0.5 mg. per 100 ml. in 
six hours (3). The rapidity of urinary excretion of PAS makes frequent large 
doses of the drug desirable to maintain high plasma concentrations, but the 
limiting factor is the fact that most patients cannot tolerate a daily dose in 
excess of 12 gm., due to gastrointestinal irritation. A drug capable of delaying 
the renal excretion of PAS and thus increasing blood concentrations with smaller 
doses of PAS would produce the same effect as larger doses of PAS alone. 
Probenecid (Benemid*) has been reported to have such potentialities. 

Probenecid has been demonstrated to exert an inhibitory effect on the renal 
excretion of PAS with a concomitant rise in plasma concentrations of the drug 
(4). The mechanism in the renal excretion of PAS appears to involve the inhi- 
bition of an enzyme system active in combining PAS with glycine (5). Presumably, 
the conjugate is excreted much more readily than free PAS. Inhibition of this 
enzyme system, therefore, should result in higher and more sustained PAS 
concentrations. Plasma concentrations of PAS in patients who are also receiving 
probenecid have been shown to be elevated approximately two to four times the 
levels attained without probenecid (3, 6). Probenecid has proved to be a relatively 
nontoxic drug both in animals and in man (7, 8). The optimal dose has been 
determined to be 0.5 gm. every six hours orally for most patients. 
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The possibility of employing smaller doses of PAS with probenecid and 
avoiding gastrointestinal symptoms noted with larger doses, yet maintaining 
bloed concentrations approximating those attained on higher dosage, has been 
the question attacked in the present study. 


METHOD OF STUDY 


Fifteen tuberculous patients receiving oral doses of 12 gm. of PAS (as a solution of 
sodium PAS) daily, as well as intramuscular streptomycin, were studied. Whole blood 
concentrations of PAS were determined by the method of Way and his associates (2). 
Control values were determined on patients receiving (A) 4 gm. of PAS three times daily, 
and (B) 3 gm. of PAS four times daily. The concentrations were determined at three hours 
and four hours after the morning dose of PAS. Probenecid was then given in an oral dose 


TABLE 1 
CoMPARISON OF THE Errect oF PrRoBENECID (BENEMID) ON MEAN Bioop PAS 
CONCENTRATIONS IN Vartous DosaGe ScHEepULEs or PAS 


THREE HOURS HoURS 


Number of , Number of 
Samples Mg. per 100 Ml. Samples Mg. per 100 Ml. 


DOSAGE SCHEDULE 


PAS, 4 gm. three times daily 
Without probenecid 23 
With probenecid* 

PAS, 3 gm. four times daily 
Without probenecid 
With probenecid 

PAS, 2 gm. four times daily 
With probenecid 


.35 + 0.77 


21 ‘ 2.62 + 0.80 


+ 0.61 
+ 0.81f 


2.16 + 0.58 


* Probenecid dosage, 0.5 gm. four times daily in all series. 
t Significant difference (P less than 0.01). 


of 0.5 gm. four times daily, with the patients remaining on the same dosage of PAS. PAS 
blood concentrations were determined at weekly intervals thereafter for four weeks. The 
same patients were subsequently placed on a regimen of 2 gm. of PAS four times daily, 
with the same dosage of probenecid, and similarly studied. 


RESULTS 


Mean control values for blood PAS in Group A at three and four hours after 
the morning dose were 3.12 mg. per 100 ml. and 2.35 mg. per 100 ml., respec- 
tively. For Group B the concentrations in the controls were 2.93 mg. per 100 
ml. and 1.72 mg. per 100 ml. at three and four hours, respectively (table 1). 
While on probenecid, the concentrations rose to 4.76 mg. per 100 ml. and 2.62 
mg. per 100 ml. at three and four hours for Group A, and 4.15 mg. per 100 ml. 
and 2.53 mg. per 100 ml. for Group B. The differences at the three-hour concen- 
tration between the control values and those after the addition of probenecid 
are statistically significant for both Groups A and B. The difference in the 
concentrations at four hours is significant only for Group B. Comparison of 
these results by extent of increase in PAS concentrations (table 2) indicates an 
enhancement of 40 to 50 per cent by the addition of probenecid. 


3.12 + 0.99 20 2 
2.93 + 1.01 21 1.72 po 
4.15 + 1.22f 35 2.53 
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Mean concentrations for the patients receiving 8 gm. of PAS daily with 
probenecid, Group C, were 2.16 mg. per 100 ml. and 1.49 mg. per 100 ml. at 
three and four hours after the morning dose. The concentrations attained by 


Control with Benemid O.5qms. 4. i.d. 


Blood PAS Level -mqms. % 


Hr. after 
dosage 3 
PAS 4gms. 3Sqms. 
Dosage tid. qid. qid. qid. 


Fia. 1. Mean blood PAS concentrations with and without probenecid (Benemid) 


TABLE 2 
Errect or PropeNnectp (BENEMID) UPON INCREASING MEAN BLoop PAS ConcenTRATIONS 


THREE HOURS FOUR HOURS 

DOSAGE SCHEDULE 
Number of Mg. per Number of Mg. per 
Samples 100 Ml. Samples 100 Ml. 


PAS, 4 gm. three times daily 
With probenecid* 21 
Without probenecid 23 


Increase 
Per cent of increase 
PAS, 3 gm. four times daily 
With probenecid 
Without probenecid 


Increase 
Per cent of increase 


* Probenecid dosage; 0.5 gm. four times daily in all series. 
t Significant difference (P less than 0.01). 


this group are lower than control values for either of the 12 gm. PAS daily 
regimens without probenecid, but approximate the concentrations obtained with 
the regimen of 3 gm. four times daily. No evidences of toxicity attributable 


| 
W 
SS 
3 
SG 
2 
NS 
WS AS 
AS 
4.76f 27 2.62 
3.12 20 2.35 
1.64 0.27 
52 ll 
28 4.15t 35 2.53t 
24 2.93 21 1.72 
| 
41 17 
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to probenecid were noted in any of the patients receiving the drug. Hemograms 
and urinalyses remained unchanged. The increased blood concentrations of 
PAS with probenecid did not result in any evidences of toxicity from PAS. 


DISCUSSION 


The lack of knowledge concerning the minimal dosage necessary to maintain 
the optimal effect upon the rate of emergence of resistance of streptomycin- 
resistant tubercle bacilli makes the choice of the desirable regimen difficult. 
Studies by Warner (9) and Lehman (10) have suggested that a dose of 8 to 
12 gm. of oral PAS daily, preferably the latter, gives the best results thera- 
peutically, as well as having the greatest effect on the rate of emergence of 
resistance to streptomycin when PAS is given in combination with streptomycin. 
Carr and his associates (11) have reported a parallel bacteriostatic effect of 
increased plasma concentrations of PAS upon populations of tubercle bacilli 
in vitro, which suggests that the enhancement of the blood concentrations of 
PAS is advantageous. For patients unable to tolerate the 12 gm. daily dose of 
PAS, the results of the present study suggest that the use of an 8 gm. daily 
dose of PAS with probenecid would result in blood concentrations comparable 
with those obtained with the 12 gm. dose alone. 


SUMMARY 


Blood PAS concentrations of 15 tuberculous patients who received 12 gm. of 
oral PAS daily were studied before and after the addition of 2 gm. of probenecid 
(Benemid) daily to PAS dosage, resulting in a 40 to 50 per cent enhancement 
of blood PAS concentrations after the addition of probenecid. 

Reduction of PAS dosage to 8 gm. daily, together with 2 gm. of probenecid, 
resulted in blood concentrations below those attained by either 12 gm. regimen, 
with or without probenecid, but were close to the concentrations obtained with 
3 gm. of PAS four times a day. 

No toxic effects of probenecid were observed. 

It is suggested that patients who cannot tolerate a 12 gm. daily dosage of 
PAS may benefit by reducing the dose to 8 gm. daily and adding 2 gm. of 
probenecid daily. 

SUMARIO 
El Efecto del Probenecid (Benemid) en la Elevacién de las Concentraciones Sangutneas del 
Acido Para-Aminosalictlico 

Las concentraciones sanguineas de PAS en 15 tuberculosos que recibieron 12 gm. diarios 
de dicha droga por via oral fueron estudiadas antes y después de agregar 2 gm. diarios de 
probenecid (Benemid) a la dosis de PAS, observ4ndose una elevacién de 40 a 50 por ciento 
en el tenor sanguineo de PAS después de agregar el probenecid. 

La reduccién de la dosis de PAS a 8 gm _ diarios, unidos a 2 gm. de probenecid, dié por 
resultado niveles sanguineos inferiores a los obtenidos con uno u otro de los regimenes 
de 12 gm., con o sin probenecid, pero préximos a los conseguidos con 3 gm. de PAS cuatro 
veces diarias, solo. 

No se observaron efectos téxicos del probenecid. 

Sugiérese que los enfermos que no pueden tolerar una dosis de 12 gm. diarios de PAS 
quizds se beneficien rebajando la dosis a 8 gm. diarios y agregando 2 gm. diarios de pro 


benecid. 
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RESUME 


L’effet de renforcement produit par le Probenicid (Benemid) sur la concentration sanguine 
de l’acide para-aminosalicylique 


La concentration sanguine du PAS a été étudiée chez 15 tuberculeux recevant une dose 
quotidienne orale de 12 g. de PAS, avant et aprés |’adjonction de 2 g. de probenecid (Bene- 
mid) par jour A cette dose de PAS. Un accroissement de la concentration sanguine du PAS 
de 40 4 50% a succédé a l’adjonction de probenecid. 

La réduction de la dose de PAS a 8 g. par jour, en maintenant la dose de 2 g. de probe- 
necid, a déterminé des concentrations inférieures A celles produites par la dose quotidienne 
de 12 g., avec ou sans adjonction de Probenecid, mais elles se rapprochaient des taux ob- 
tenus avec le PAS, seul, 4 la dose de 3 g., quatre fois par jour. 

Aucune réaction de toxicité due au probenecid n’a été observée. 

Les auteurs suggérent que les malades ne supportant pas la dose quotidienne de 12 g. 
de PAS pourraient bénéficier de l’adjonction d’une dose de Probenecid de 2 g. par jour a 
une dose de PAS, réduite a 8 g. par jour. 
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immediately after second stages of thoracoplasty These were not associated 
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Roentgenogram after first-stage thor icoplasty shows normal right second rib 
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shows complete 
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which the second rib was broken. In addition he made certain comments about the 
delayed roentgenographic appearance of fractures of the ribs. He states: 


In 100 cases of recent chest injury suspected clinically of rib fractures and in which 
roentgen examination was negative, re-examination three weeks later disclosed 
fractures in 22 cases. ... In another 100 cases with fractures of one or more ribs, 
re-examination three to six weeks later disclosed one more fractured rib in each 
of 32 patients. 


Thus in 20 to 30 per cent of rib fractures (as proved by subsequent roentgenographic 
study) the immediate film may be negative. 

Garber (4) reported a single case of fracture of the right first rib which occurred while 
the subject lifted a weight of approximately 150 pounds. He interpreted this lesion as 
being due to muscular traction. It was associated with a considerable degree of localized 
pain. Breslin (5) emphasized the infrequency of fractures of the first rib alone. He ana- 
lyzed twenty-seven earlier published cases and presented five of his own. All were due 
to direct or indirect trauma or to heavy weight lifting and were always associated with 
pain in the neck and shoulder. Breidenbach (6) mentioned the fact discussed above, 
that fractures of the first rib may be overlooked at the initial roentgenographic examina- 
tion but were easily detected subsequently when callus formation had developed. 

Guggenheim and Cohn found these fractures in 3.8 per cent of their thoracoplasty 
patients. The 5 cases reported here were seen in a period of two years, during which 
time thoracoplasty was performed upon 76 patients. Since the fractures occurred after 
first or second stages of surgery, the incidence, in the present writers’ experience, is 
6.5 per cent in terms of patients and 4 per cent in terms of operative stages. Thus, it 
can be seen that these contralateral fractures are fairly common. In 3 cases the fracture 
followed the first stage of thoracoplasty, and in 2 it became worse during the second. 
In 2, the fracture followed the second stage and in one of these it became worse during 
the third stage. In 2, the first rib only was involved, in one case the second alone was 
fractured, while in the remaining 2 instances, both first and second ribs presented the 
lesion in question. 

In 2 cases in the present series, as in 2 of Guggenheim and Cohn’s, roentgenograms 
made immediately postoperatively showed no fracture, while one could be seen a week 
or ten days later, with no intervening surgery. This might suggest that in this type of 
lesion the fracture does not result from direct or indirect trauma at the time of thoraco- 
plasty but may instead be a result of muscular imbalance brought about by temporary 
loss of muscular action on the operated side. This reasoning may be invalidated, how- 
ever, by Liberson’s (3) finding of the delayed roentgenographic visualization of rib 
fractures in a percentage approximately equal to that in the present series. 

Perhaps a further point favoring the idea that these fractures developed postopera- 
tively is their localization in the first and second ribs. It has been suggested that, with 
a patient in the lateral decubitus, as during thoracoplasty, and with the complete muscu- 
lar relaxation of general anesthesia, the patient’s own weight plus pressure on the chest 
by the surgeons may produce sufficient indirect trauma to cause the fracture. While 
this factor cannot be completely excluded, under such circumstances fractures would 
be anticipated in the lower ribs (seventh, eighth, ninth, and tenth) which would sup- 
port part of the body weight, rather than in the first and second ribs which are partly 
protected by the shoulder girdle. 

The actual event leading to the fracture may be cough. Rib fractures due to cough 
have been seen with considerable frequency (7). Such fractures have always been re- 
ported as involving the lower ribs. It is possible that in the present series the muscular 
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inequality due to the thoracoplasty plus the pain of the recent surgery (causing excessive 
splinting of the lower ribs) may result in increased strain on the first and second ribs, 
causing fracture due to muscular traction. 

None of the present cases, nor the others reported, showed any evidence of localized 
involvement of the fractured rib by tuberculosis or other disease processes. Healing 
occurred promptly in each case. While decalcification of bone, and debility, may play 
a part in these lesions, there is no roentgenographic or clinical evidence to suggest that 
this was true; 2 of the 5 patients were robust, rather than frail and asthenic. 

The clinical significance of these lesions is probably slight. In no instance were there 
untoward symptoms, nor was there any involvement of nerves, vessels, or pleura by the 
bony fragments. In 2 cases, further stages of thoracoplasty were performed after the 
initial fracture had developed. In both, the fracture became more extensive but no harm- 
ful effects were associated with the bony lesion. 

The detection of this lesion is somewhat difficult if it is not specifically sought. In 
none of the 5 cases reported was the fracture diagnosed until after callus formation 
had developed. In 2 cases, the shadow cast by the callus was at first thought to indicate 
an exudative spread of tuberculosis, but this error was quickly corrected. In one case, 
the fractures of the first and second ribs were followed by a painful fracture of the seventh 
rib, which called attention to the asymptomatic involvement of the two ribs. All these 
healed promptly. 


SUMMARY 


Five patients developed contralateral fractures of the first and second ribs during 


or soon after first or second stages of thoracop'asty. Fractures of this type may be : 
result of muscle imbalance brought about by the rib resection. The patients experienced 


no symptoms from the fractures, and the lesions all healed promptly. 


SUMARIO 
Fracturas Costales Contralaterales Durante la Toracoplastia 
Cinco enfermos han manifestado fracturas contralaterales de la primera y la segunda 
costillas durante el primer o segundo tiempos de la toracoplastia o poco después. Eso 
puede ser consecuencia del desequilibrio muscular creado por la costectomia. Todos los 
enfermos fueron asintomd&ticos y sanaron répidamente 


RESUME 
Fracture contro-latérale de cétes au cours de la thoracoplastie 

Chez cing malades il s’est produit des fractures contro-latérales de la premiére et de la 
deuxiéme céte pendant ou aussitét aprés le premier ou le deuxiéme stade de la thoraco- 
plastie 

Ces accidents peuvent résulter d’un déséquilibre musculaire provoqué par la résection 
de cétes 

Tous ces cas ont été asymptomatiques et ont guéri rapidement 
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Notes 


PURINE ENZYMES IN MYCOBACTERIA 


It has been shown that antituberculous drugs, in tuberculostatic concentrations, 
inhibit the xanthine oxidase of milk'-?-* and the purine enzymes of animal tissues‘. 
The inhibition depends on the concentration of the purine used as substrate. Certain 
analogues of the purine series inhibit the growth of Mycobacteria‘. It was of interest to 
determine whether Mycobacteria contained purine enzymes and, if so, whether strepto- 
mycin and p-aminosalicylic acid (PAS) inhibited them. These enzymes have not previ- 
ously been described in Mycobacteria, so a survey of them in several species was made. 

M. smegmatis 101, M. stercoris 77, M. BCG 8240, M. butyricum 362, and M. phlei 
10142 were obtained from the National Type Culture Collection. H37Rv was originally 
obtained from the Trudeau Laboratories. The organisms were grown on Long’s medium 
with the exception of H37Rv, for which Vorwald’s modification of the Proskauer-Beck 
medium was used. The bacteria were harvested during their logarithmic growth phase, 
suspended in 0.1 M phosphate buffer pH 7.4, and centrifuged in Hopkins tubes. They 
were washed once by centrifugation, and then one volume of the packed bacteria was 
suspended in 20 volumes of the buffer. Four and five-tenths milliliters of this suspension 
with and without added purines were placed in 50 ml. Erlenmeyer flasks and incubated 
aerobically two hours at 37°C.; 1.0 ml. of 10 per cent trichloroacetic acid was then added 
to each flask. 

The bacteria were centrifuged down and the following estimations made on the super- 
nate: uric acid by the method of Benedict and Franke; allantoin by the method of 
Young and Conway’ (this method actually estimates allantoic acid after hydrolysis of 
allantoin, therefore estimations before and after hydrolysis gave values for the amount 
of allantoic acid and allantoin present); urea by the method of Barker* unless allantoin 
was present, in which event the trichloroacetic acid was omitted, urease added, and the 
ammonia estimated by the method of Speck*. The colors were estimated in the Evelyn 
photocolorimeter with suitable filters. 

The results are summarized in table 1. Some generalizations can be made. If, for 
example, uric acid is produced from xanthine as in M. smegmatis, it is metabolized more 
slowly than added uric acid. This is also true of the urea produced by M. stercoris and 
BCG, in comparison with the urea added. It is possible that a high initial substrate 
concentration results in a more rapid metabolism. Then the action of the drugs shows 
some apparent anomalies. For instance, in M. smegmatis, streptomycin in a concentra- 
tion of 1:15,000 inhibited the production of uric acid from xanthine but higher con- 
centrations did not; and in M. butyricum only the lowest concentration inhibited uricase, 
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TABLE 1 
Tue MeTABOoLiIsm or CERTAIN PurINES BY SEVERAL SPEcIES OF MYCOBACTERIA 


oK 


ND 
ACID FOUNT 


ORGANISM SUBSTRATE ADDED DRUG ADDED 


ALLANTOIN 
FOUND 
ALLANT 
UREA FOUND 
AMMONIA 
FOUND 


| URIC ACID 
FOL 


1.318.0 15.0 


M. smegmatis 101 ns 
Xanthine 
Guanine 
Adenine 
Hypoxanthine 
Uric acid | 30.0 
Allantoin 3.5 | 2.5; 25.0 
Allantoic acid 2.519.0 28.0 
Urea _ 17.0 27.0 
Xanthine PAS 1:1,000 26.1 
Xanthine 1:10,000 (30.1 
Xanthine 1:100,000 (32.1 
Xanthine | SM 1:1,500 138.2 
Xanthine 1:15,000 29.4 
Xanthine 1:150,000 (39.4) 


ao 


uo 


& 


a, 
ob 


M. stercoris 77 — 

Xanthine 

Guanine 

Adenine 

Hypoxanthine 

Uric acid 5. 6.540.0 5.8 

Allantoin .2 | 6.546.0 6.1 

Allantoiec acid 9.042.0 8.5 
12.0) 40.0 


M. butyricum 362 | 0.6) 1.5 441.0) 
Xanthine 
Guanine 
Adenine 
Hypoxanthine 
Uric acid 
Allantoin 
Allantoic acid 
Urea 
100 mg. uric 
100 mg. uric 
100 mg. uric 
100 mg. uric acid 
100 mg. uric acid 
100 mg. uric acid 
100 mg. uric acid 
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TABLE 1—Continued 


SUBSTRATE ADDED DRUG ADDED 


FOUND 
FOUND 
ALLANTOIC 
ACID FOUND 
UREA FOUND 
FOUND 


URIC AciD 
AMMONIA 


ALLANTOIN 


M. phlei 10142 — 
Xanthine 
Guanine 
Adenine 
Hypoxanthine 


ow 


Uric acid 
Xanthine 
Xanthine PAS 1:1 


M. BCG 8240 


Xanthine 
Guanine 
Adenine 
Hypoxanthine 
Allantoin 
Allantoic acid 
Urea 


H37Rv 
Guanine 
Hypoxanthine 
300 mg. guanine 
300 mg. adenine 
300 mg. hypoxanthine — 
Uric acid 
Xanthine 
Xanthine PAS 1:1,500 


The results expressed in micrograms represent the amount present in solution after 
two hours’ incubation at 37°C. with the added substrates. 
Unless otherwise noted, 60 micrograms of substrate were used. 


SM = streptomycin. 


whereas the higher ones were less effective. Somewhat analogous concentration effects 
have been observed in the action of streptomycin on xanthine oxidase of milk, on purine 
enzymes of animal tissues, and on the growth of Mycobacteria‘t, but they are difficult 
to explain. In M. butyricum, PAS also showed a greater inhibition of uricase at the lowest 
concentration used; in some concentrations it increased the oxidation of xanthine by 
H37Rv and M. phlei. Finally, hypoxanthine in comparison with xanthine was either 
very slowly oxidized or, as was true of H37Rv, inhibited the endogenous uric acid pro- 
duction. In this connection it is of interest that Marshak'® showed that hypoxanthine 
inhibited the growth of M. tuberculosis H37Rv. M. smegmatis and M. stercoris oxidized 
xanthine, guanine, and uric acid, and hydrolyzed allantoin and urea. Adenine was ap 
parently not utilized. On the other hand, M. butyricum utilized adenine better than 
guanine and xanthine. It also oxidized uric acid, hydrolyzed allantoin, but contained 


 Marsnak, A.: Am. Rev. Tuberc., 1950, 62, 333. 
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ORGANISM 
. 5.5 
- 1.6 5.5 5.336.0 14.0 
- 1.2 2.5 58.0 12.0 
_ 2.0 7.4 64.0 8.0 
1.2) 9.0 62.0 10.0 
— 0.0 4.5 43.0 10.0 
0.8 ».060.0 12.0 
— 3.558.0 4.0 
_ 40.0 38.0 
2.0 
5.6 
1.9 
6.1 
1.3 
63.0 
2.1 
3.9 


NOTES 243 


very little urease. M. phlei did not oxidize uric acid and utilized guanine better than 
xanthine. It had little effect on adenine. BCG utilized uric acid, allantoin, and urea; 
and the urea values indicate that guanine and adenine were attacked to some extent. 
Finally, guanine is the only purine metabolized by H37Rv unless the apparent oxidation 
of xanthine in the presence of PAS is taken into account. It should be pointed out that, 
in order to form uric acid, both guanine and adenine must be deaminated and then 
oxidized by the xanthine oxidase. Thus, the differences in the utilization of the two 
compounds and xanthine by the various organisms must reflect a difference in their 
ability to penetrate into the cell. 

It is apparent that the six species of Mycobacteria studied contain certain enzymes 
which attack purines and urea. Only two, M. smegmatis and M. stercoris, are able to me- 
tabolize xanthine to ammonia. In the others, it has not been possible to demonstrate 
the complete pathway. This may, however, only reflect the inability of the added sub- 
strates to penetrate the cell. The action of streptomycin and PAS on these reactions is 
complex. Because PAS inhibits certain reactions in the saprophytes, the growth of which 
is not inhibited by the drug, it may appear that its primary point of attack is not on 
purine catabolism. On the other hand, the presence of purine enzymes in Mycobacteria 
correlated with the fact that these substances, in tuberculostatic concentrations, are 
active on such enzymes offers a good reason in explanation of the activity of the drugs 
on tubercle bacilli by their action on purine enzymes. It is possible to accept the latter 
assumption on the basis of the following general considerations. The purine catabolism 
in Mycobacteria shows individual characters, since the amounts or the physico-chemical 
conditions under which the corresponding enzymes are present differ from strain to 
strain. Therefore, in the chain of enzymatic reactions to which the life of the micro- 
organism is bound, the consequences proceeding from an added substance which is 


active on purine enzymes will differ from strain to strain. The assumption of Hinshel- 
wood" that the division of the cell may occur only when some essential parts of its struc- 
ture reach a certain critical amount is a suitable development of such considerations. 

In summary: The presence of enzymes involved in purine catabolism has been demon- 
strated in six species of Mycobacteria, and the effect of streptomycin and PAS on them 
has been described. The bacteriostatic effect of these chemotherapeutic agents on the 
tubercle bacillus has been explained by their effect on purine enzymes. 
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COMPLICATIONS FOLLOWING BRONCHOSPIROMETRY! 


During the past few years the use of bronchospirometry has become increasingly 
common in the evaluation of the tuberculous patient prior to surgery. The procedure 
involves the introduction of a catheter in the tracheobronchial tree in patients with 
active pulmonary tuberculosis. The disease is usually in an unstable phase, and the 
possibility of affecting the patient deleteriously is of considerable importance. The 
present study has been undertaken to determine whether any untoward effects could 
be d.monstrated in a large series of patients who have undergone bronchospirometry. 

From February 10, 1948, to January 21, 1951, at the Veterans Administration Hospital, 
Wood, Wisconsin, there were 219 bronchospirometries performed on 177 patients. Of 
these, the 191 procedures performed on 154 tuberculous patients form the basis for 
study. The patients were all adult white males. 

Premedication consisted of 0.1 gm. of Seconal on the preceding night, 0.1 gm. of 
Seconal approximately one and one-half hours before, and 75 mg. of Demerol with atro- 
pine sulfate 0.0006 gm. twenty minutes before, the procedure was started. Following 
preliminary anesthesia with 7 cc. of 1 per cent Pontocaine, which was administered by 
spray and cotton pledgets, a Zavod or Gebauer catheter was introduced into the trachea 
by the indirect method. In cases in which cough persisted, a small amount of 1 per cent 
Pontocaine was allowed to run down through the catheter into the left main bronchus. 
The catheter was allowed to remain in situ for six to ten minutes, depending upon the 
time needed to complete an adequate tracing. 

Significant roentgenographic changes were present following 4 of the 191 procedures. 
One consisted of evacuation of material from a round lesion five days after broncho- 
spirometry. This subsequently refilled and probably represented the usual sequence of 
events in the natural history of the blocked cavity. There were small infiltrative changes 
in the chest roentgenograms of 3 patients with bilateral far advanced progressive tuber- 
culosis. The extent of the changes in relation to the pre-existing disease was slight. These 
appeared at fourteen, eighteen, and twenty-four days following bronchospirometry. 
Any change which occurred after an interval of longer than one month was arbitrarily 
excluded from consideration. 

Most patients had a transient increase in the quantity of sputum, which disappeared 
in a few days. 

One patient had slight hemoptysis immediately following the bronchospirometry; this 
became progressively worse, and six weeks later an extrapleural pneumothorax was done 
in the hope of stopping the hemoptysis. The patient did not survive. Death was due to 
postoperative complications. The source of hemorrhage was not found. 

Fifteen patients had fever of 1°F. or more. In 4 patients the fever appeared immediately 
following the bronchospirometry; in 11, on the following day. In 3 of the patients there 
was associated roentgenographic change. 

Most of the patients complained of sore throat but in all it was transient in nature 
and not severe. Occasional patients in whom passage of the catheter was accomplished 
with great difficulty showed evidence of mild trauma to the larynx. 

It appears from analysis of the roentgenographic findings, temperature readings, 


* Published with permission of the Chief Medical Director, Department of Medicine 
and Surgery, Veterans Administration, who assumes no responsibility for the opinions 
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laryngeal findings, and symptomatology that the incidence of complications following 
bronchospirometry is low. Since the person who is subject to this procedure is frequently 
a patient with active pulmonary tuberculosis, sometimes in its most unstable form, it 
seems reasonable to conclude that the changes which occurred were those which might 
be expected in all groups such as this. McIndoe and his associates? in 1939 studied a 
group of 272 patients who underwent bronchoscopy. Increased disease was present in 
four following this procedure. The changes took place four weeks after the procedure had 
been performed and were considered within the normal expected range of complication. 

In summary: A study of the complications following bronchospirometry performed at 
this hospital was carried out and revealed 4 definite instances of roentgenographic change 
following 191 bronchospirometries. In 3 of the patients in whom roentgenographic 
changes occurred, fever was also present. None of the changes was of great magnitude in 
comparison with the pre-existing disease, and only one was serious. Most of the patients 
had temporary sore throats. One patient had significant hemoptysis. Fifteen patients 
had associated transient fever. 

It can be concluded that bronchospirometry properly performed is not usually ac- 
companied by severe complications. 
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SIMPLIFIED BRONCHOGRAPHY' 


Exploration of the bronchial tree using a contrast medium was first introduced by 
Chevalier Jackson? in 1918, more than thirty-three years ago. The value of this procedure 
in the field of chest diseases has increased in direct proportion to the increasing knowl- 
edge and developments in the fields of physiology, anatomy, diagnosis, and treatment of 
pulmonary diseases. 

Bronchography has been of inestimable value in diagnosing, as well as determining, 
the location and extent of bronchiectasis, thereby aiding the clinician in the intelligent 
application of dependent drainage and the surgeon in determining the extent of his 
excisional therapy. The development of segmental pulmonary resection has no doubt 
been influenced by the bronchographic findings. Bronchograms also aid in defining the 
precise site of intrapulmonary and intrabronchial lesions or neoplasms. By outlining the 
bronchial tree, confusing mediastinal densities may be excluded from, or included in, 
lung tissue. 

Clinicians interested in chest diseases are often confronted with patients with tubercle 
bacilli in the sputum in whom the source of the positive sputum cannot be determined 
either roentgenographically (including planigraphy) or bronchoscopically. Bronchograms 
frequently solve these problem cases by revealing an heretofore unsuspected area of 
bronchiectasis. When the procedure is used preoperatively, the decision whether collapse 
or excisional therapy is to be performed may be made with greater certainty, thus averting 
many thoracoplasty failures. Contrariwise, in thoracoplasty patients who continue to 
discharge tubercle bacilli after operation, bronchograms may reveal an area of tu- 
berculous bronchiectasis more definitely than would be true with planigrams. In this 
situation also, motheaten areas of rarefaction may be proved to be bronchiectasis by 
bronchograms. 

Bronchograms are not being utilized to their fullest advantage in many tuberculosis 
hospitals; the procedure being considered to be a last-place diagnostic procedure, if used 
at all. The fear of complications following the use of iodized oil in active pulmonary 
tuberculosis patients, such as iodized oil sensitivity, reactivation or spreading of the 
disease, pleural effusion, and decrease of pulmonary function, has been minimized in 
the observations of Zavod*, Robertson and Morley‘, Rabinowitz and Harper and others®. 
Buckles and his associates’, in 222 bronchographies, had one instance of atelectasis with 


dyspnea, chest pain, and fever occurring approximately four hours after the oil was 
introduced. This was relieved by bronchoscopic aspiration. The valuable information 
gained by bronchograms justifies the procedure in face of the infrequent untoward 


reactions. 
Rather than this fear of complications, the procedure itself appears somewhat for- 


' This paper was presented, in part, at the regular meeting of the Trudeau Society of 
Los Angeles, November 27, 1951. 

? Jackson, C.: Am. J. Roentgenol., 1918, 5, 454. 

* Zavop, W. A.: Am. Rev. Tuberc., 1948, 57, 626 

* Ropertson, P. W., anp Mortey, K. D. F.: Lancet, 1951, 1, 387. 

5 Raprnowitz, P., ano Harper, I. 8. H.: Dis. of Chest, 1951, 19, 66. 

* Dorner, B. A., FriepLanper, J., anp Wiies, F. J.: Am. Rev. Tuberc., 1944, 50, 283; 
1944, 50, 287; 1945, 51, 62; 1945, 51, 455; 1945, 57, 519. 

7 Buckxies, M. G., Ports, W. L., Davipson, H. B., anp Neptune, W. B.: Am. Rev. 
Tuberc., 1951, 64, 394 

246 


NOTES 24% 


nidable to the oce ona bronchographist The procedure to be presented is SO Simple 

it it Is probable iat wis being used elsewhere Nevertheless, a limited review of the 
literature failed to reveal any mention of this te hnique Briefly, the procedure consists 
of introducing the oil through an Abraham cannula, with the patient in the latera 
decubitus position, the table tilted five degrees reverse Trendelenburg, and the head 
supported on a high pillow. The procedure was developed by Dr. Arnaldo Neves* and 
the present writer at the Missouri State Sanatorium, and has been used successfully in 
more than 250 bronchograms during the past seven vears 

The preparation of the patient varies according to the presenting svmptomatolog) 
Patients with little or no ¢ xpectoration need little preparation ; those with copious sputum 
should have dependent postural drainage for variable lengths of time. In some instances, 
antimicrobial therapy may indirectly decrease the volume of sputum. No food or fluids 


ire allowed fo to six hours prior to the procedure as a precaution against vomiting 


Fic. 1. Equipment used in simplified bronchography 


ind inhaling food particies Premedication consists of 0.1 to 0.2 gm. of pentobarbital 
sodium given one hour before the scheduled time. At the same time, 0.065 em. of codein 
and 0.0003 gm. of atropine are given hypodermically to decrease cough and secretions 


The patient comes to the radiology department in a wheel chair. On arrival, one drop of 


the iodized oil is instilled into one conjunctival sac to determine sensitivity of the patient 
to the oil. 


Very little equipment is necessary As shown in figure 1, the following materials are 


used : 


1 emesis basin 
3 or 4 gauze squares (4 by 4 
1 #15 DeVilbiss atomizer containing 0.5 per cent Pontocaine with or without 
neosynephrine A ratio of 1 ec. of 1 per cent neosynephrine to 5 ce. of 0.5 per cent 
Pontocaine has been found satisfactory The nasal tip is removed and the mov 
ible tip is bent downward approximately 60 degrees 
1 Abraham cannula and a 20 ce. Luer Lok syringe containing warm lipiodol or 


iodochlor il 


8 Formerly staff physician, Missouri State Sanatorium, Mt. Vernon, Missouri. Present 


iddress: Rio de Janeiro, | 
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wnesthesia, using a 0.5 per cent Pontocaine spray 


lateral decubitus position 
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NOTES 
Anesthet t shed first grasping and withdrawing the tongue, then 
ng the poste pharyi nd glottis during phonation with approximate five 
puirt the it figure 2 After a three- « four-m i i nterval. the above pro 
edure is repeated, ¢ ent that this time the patient bret! und the solution is 
nt f ns tion. It has been found that suff BEE results in the 
erage th five six inhalations 
| l ites t the ust inhalation of the inestheti the patient Is placed 
= the ty ecubitus position on the radiographic table vith the side to be stuched 
ependent Att t e the eve can be examined It il é dence of conjunct , 7 
ection or ect enoting sensitivity to 1odized 0 If sensitivity is present, the procedure 
} epeated lat th adequate antihistamine therapy before and after 
thie The liograpl table is tilted in five degrees reverse Trendelenburg 
osition, the I ed up on a pillow, the tongue Is grasped and pulled fo ward 
the the < introduced into the upper angie the mouth al | 
tongue (figure 3). The " < used as a retractor in prevent ng the tongue from drawing 
nto the Phe stient is instructed to breathe siow ind dee} without 
y ny al t each mspiration, appre mate o1o ntroduced 
Wh irs in the irvnNx nstillatior s temporal delaved Approy 
ts i) ent ro one sic n the ivernage ilthoug! in large ersons 
Ait t t the the patient is instructed to empty his mouth of excess ou 
t. Then he is placed in the prone position and instructed to 
take | el reaths. The table may be level it 5- to 10-degree rrendelen 
burg posit f vy the upper lol rhe patient then turns over to the supine position 
filling the nehes. Fluoroscoy it this time isually reveal satistactory 
r | sare take the anteroposterior and lateral views, either in the supine or 
1 ght positiol I exired. the procedure may be repeated ot the opposite side and 
ste i ew Tf « takel 
In figure 4 e seen the fil of a patient with extens e saccular bronchiectasis of 
the mght uppe e and active tuberculous infiltration of the felt Uggmrr lobe. Figure 5 
it trates t t this method selective hiiung » he accomplished In this pa 
ticu se, 7 ere introduced to attempt to outline ot the upper lobe. How 
eve there s been s e spilling into the lower lob Perhaps 4 or 5 ec. of on would 
° After the edu 1c heen completed, the patient is insti ly 
¢ ther ¢ vat 1] drainage and ¢ ear his throat gent te hing 
the oil te ead into the alveoli, where it may remat 
\ > fied bronchographie method has beet sists 
essent I st tion of the iodized oil tl rough a cannul the 
ute lecubitus position. It is important that the patient bi the 
‘ e int bee faster than 0.5 ce. with every inspiration. After simple Hing 
in evel t it the ¢ irs throughout the entire bronchial tree 
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Developments in Antimicrobial Therapy of Tuberculosis 


A Statement Prepared by the Committee on Therapy 


In May, 1951, a committee report was issued on the current status of antimicrobial 
therapy of tuberculosis'. Subsequent developments have produced only a few changes 
in the use of antimicrobial agents in the treatment of tuberculosis, and the present state- 
ment is being issued as a supplement to the earlier report, most of which is still valid. 


INDICATIONS FOR ANTIMICROBIAL THERAPY 


Since the 1951 report, there has been a trend to broaden further the indications for 
antimicrobial therapy of tuberculosis to include most patients with active, minimal, 
pulmonary tuberculosis and tuberculous pleurisy with effusion. In fact, most experts be- 
lieve that antimicrobial therapy should be used in any case of tuberculosis with active 
disease unless there is some specific contraindication such as an irresponsible and unco- 
operative patient or uncontrollable drug allergy. 


DURATION OF THERAPY 


Studies of the optimal duration of therapy have been carried out only for streptomycin 
used alone or in combination with para-aminosalicylic acid (PAS). Daily streptomycin 
alone was effective for only 30 to 120 days, due to the frequent emergence of streptomycin- 
resistant strains of tubercle bacilli. The administration of streptomycin on only 2 or 3 
days of each week combined with the daily administration of PAS has markedly delayed 
the emergence of drug-resistant bacilli and increased the period of therapeutic effective- 
ness. Consequently, periods of treatment up to one year and longer are being studied. 
Preliminary reports indicate that longer periods of treatment are more effective than 
shorter ones. These data suggest that treatment should be continued for at least 6 to 12 
months in every case and that those patients with the more serious types of tuberculosis 
should be treated 18 to 24 months, possibly longer. Repeated short courses of therapy 
result in the appearance of drug-resistant strains of tubercle bacilli more frequently than 
does continuous therapy. Therefore, once treatment is started, it should be continued 
without interruption until such collateral therapy as collapse or excisional surgery has 
been completed and until an optimal therapeutic result has been achieved. 


CHOICE OF DRUGS 


Streptomycin or its derivative, dihydrostreptomycin, combined with PAS remains the 
most effective drug for the treatment of tuberculosis. Their use is fully described in the 
1951 report and the principles described therein are still valid. 

Terramycin and viomycin are still being studied but cannot yet be recommended for 
general use as antituberculous agents. Further studies with amithiozone have revealed it 
to be hepatotoxic and hematotoxic even in smaller doses, so it should be used with great 
caution, if at all. Mycomycin has been found to be of no value. 


1 Current status of antimicrobial therapy: Report of the Clinical Subcommittee of Com- 
mittee on Medical Research and Therapy, American Trudeau Society, Am. Rev. Tuberc., 
1951, 63, 617. 
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Pyrazinamide is a new drug which is effective against the tubercle bacillus in vitro and 
against experimental tuberculosis in animals. Preliminary reports of clinical studies sug- 
gest that it is effective in the treatment of patients with tuberculosis. Unfortunately 
tubercle bacilli resistant to this drug rapidly appear, thus limiting the period of its effec- 
tiveness. Further clinical studies, now in progress, should determine whether or not 
clinical use of pyrazinamide is warranted. 

Isoniazid (isonicotinie acid hydrazide) and its isopropyl derivative, iproniazid (1-iso- 
nicotinyl-2-isopropy! hydrazine), recently have been reported to be potent agents against 
the tubercle bacillus in vitro and against experimental tuberculosis in mice, guinea pigs, 
and rabbits. Preliminary clinical reports indicate that these drugs are of some value in 
the treatment of patients with tuberculosis. These studies suggest that the optimal oral 
dose of either drug is 3 to 5 mg. per kg. of body weight per day divided into two or three 
doses. Few serious toxic reactions have been observed from this dose. Isolated instances 
of intractable asthma, persistent hypotension, and increased susceptibility to the effects 
of other drugs (particularly epinephrine, ephedrine, atropine, and demerol) and even 
deaths have been reported in patients receiving isoniazid or its isopropyl! derivative, but 
the causal relationship has not been clearly established. Minor untoward effects which 
have been reported are hyperreflexia, constipation, postural hypotension and dizziness, 
difficulty in starting micturition, eosinophilia, and the appearance of casts, albumin, and 
reducing substances in the urine. Routine precautions during treatment should include 
frequent neurologic examinations, blood counts, urinalyses, and tests for renal and hepatic 
insufficiency. As both drugs are excreted through the kidneys, impairment of renal func- 
tion may result in the cumulation of toxic concentrations of the drug in the body. For 
this reason, the renal function should be measured before treatment and, if it is impaired, 
the dose should be reduced accordingly. Further clinical investigations are needed to 
determine which of these drugs is better and its exact place in the treatment of tuberculosis. 
It is already known, however, that tubercle bacilli resistant to these drugs appear rapidly 
both in vitro and in patients. Therefore, there is no reason to believe that isoniazid or its 
isopropyl! derivative will replace the combination of streptomycin and PAS in the treat- 
ment of tuberculosis. It seems more likely that these new drugs will be most valuable when 
used in combination with streptomycin or PAS or both. They may be especially valuable 
in the treatment of patients with strains of tubercle bacilli highly resistant to streptomycin. 
In such cases, PAS probably should be given also in an effort to prevent the emergence of 
isoniazid-resistant strains of tubercle bacilli although the efficacy of this combination has 
not yet been proved. 


SUMMARY 


Antimicrobial agents have become indispensable in the treatment of tuberculosis, but 
should be combined with other appropriate forms of treatment such as rest, collapse 
therapy, and surgical procedures. 

The best regimen available today for most patients with tuberculosis is the combination 
of 1 gm. of streptomycin or dihydrostreptomycin given intramuscularly two or three 
times each week plus 12 gm. of PAS given orally, each day. 

The optimal duration of therapy with streptomycin and PAS is not known. At least 
6 to 12 months of therapy seems advisable; patients with the more serious manifestations 
of tuberculosis should be treated 18 to 24 months or longer. 

Preliminary studies suggest that isoniazid and its isopropyl derivative are potent anti- 
tuberculosis agents, particularly valuable in the treatment of patients with tubercle 
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bacilli which are highly resistant to streptomycin. Further studies are needed to determine 
their proper use in these cases and also in patients with streptomycin-susceptible tubercle 
bacilli. There is no evidence that either of these drugs is as effective as the combination of 


streptomycin and PAS 
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The Effect of Cortisone and/or Corticotropin on Tuberculous Infection 
in Man 


A Statement Prepared by the Committee on Therapy 


In recognition of the growing importance of the effects of cortisone and corticotropin 
upon tuberculous infection in humans, as the result of scattered reports appearing in the 
literature in 1950 and 1951, the Committee on Therapy has undertaken to correlate avail 
able information on this subject. An interim report of the findings is published at this 
time in conjunction with a report on the effects of the same agents in experimental tuber 
culosis, prepared by the Laboratory Subcommittee of the Committee on Medical Research 
of the American Trudeau Society". 

An analysis has been made of 81 cases treated with cortisone and/or corticotropin in 
which known tuberculous infection was present or in which tuberculosis was a complicat- 
ing disease. The majority of these cases were submitted by physicians from all parts of 
the country? in response to a request from the Committee on Therapy, but a portion of 
the material was collected from the literature published within the last two years* 

A summary of the results is given in the accompanying table: 


ApPpaRENT Errect upoN ASSOCIATED TUBERCULOSIS 


NO EFFECT 
UNFAVORABLE) FAVORABLE OR DOUBTFUL 
METHOD OF EVALUATION EFFECT 


(Number of Cases) 


Corticotropin Clinical 7 
Autopsy : 1 


Sub-total 


Cortisone Clinical 
Autopsy 


Sub-total 


Cortisone and cortico Clinical 
tropin Autopsy 


Sub-total 


Clinical 
Autopsy 1 0 


Sub-total 46 10 


' The effect of cortisone and/or corticotropin on experimental tuberculous infections in 
animals: Statement prepared by the Laboratory Subcommittee of the Committee on Med- 
ical Research (Am. Rev. Tuberc., 1952, 66, 257). 

? The Committee wishes to express its indebtedness to the following physicians who were 
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HORMONE 
4 
PS 12 5 8 25 
17 3 ll 31 
9 0 l 10 
26 3 12 
4 
j 5 2 4 ll 
3 0 1 
2 5 15 
Totals 22 63 
3 18 
25 81 
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It will be seen that in 46 cases receiving hormone therapy the course of tuberculous 
infection was unfavorable; in 10 cases the course was favorable; and in 25 cases no change 
in the course was evident. It should be recognized that these figures have no statistical 
validity as an index of the frequency of exacerbation of tuberculous disease by cortisone 
and corticotropin. A large number of patients with unsuspected tuberculous disease must 
have received these hormones without harmful effect. The figures do indicate, however, 
that exacerbation of tuberculous infection may occur during or after treatment with 
cortisone or corticotropin. 

In analyzing the data, it often was difficult to determine if exacerbation of tuberculous 
disease occurred during or after hormone therapy, and in the table no attempt has been 
made to separate the two groups. Exact data were received in a number of cases, however, 
which indicated that serious exacerbation of tuberculosis can occur during hormone 
therapy. 

The Committee on Therapy plans to continue this study, and will welcome having 
additional cases called to its attention. Clinical abstracts and suitable roentgenograms 
may be sent to Dr. Robert H. Ebert, University of Chicago, 950 East 59th Street, Chicago 
37, Illinois. 

CONCLUSIONS 

In the analysis of the 81 cases, it is obvious that exacerbation of tuberculous infection 
does not inevitably result from treatment with cortisone or corticotropin. On the other 
hand, it seems clearly demonstrated that hormone therapy may have a devastating effect 


on active or apparently inactive tuberculosis. This was particularly apparent in the cases 


coming to autopsy. Often there was a marked and even spectacular dissemination of the 


disease, and the observation was repeatedly made that tubercles were poorly walled off 


and contained numerous tubercle bacilli. 


kind enough to cooperate in this study by making their cases available for study and 
analysis 
L. K. Alpert, Washington, D. C.; T. F. Barrett, Los Angeles, Cal.; P. B. Beeson, At 
lanta, Ga.; R. F. Bradley, Boston, Mass.; E. V. Bridge, Cannon Falls, Minn.; A. W. Capon, 
Weston, Ontario; K. A. Carroll, Hines, Ill.; M. F. Cummings, Chamblee, Ga.; R. Davies, 
Seattle, Wash.; R. J. Erickson, Albany, N. Y.; C. J. Jones, New Orleans, La.; W. M. Kirken 
dall, Iowa City, Iowa; M. R. Lichtenstein, Chicago, Ill.; F. J. Lovelock, Bronx, N. Y.; 
J. W. Middleton, Galveston, Texas; H. J. Moersch, Rochester, Minn.; F. S. North, Palo 
Alto, Cal.; W. M. Peck, McCain, N. C.; C. Ragan, New York, N. Y.; 8. J. Shipman, San 
Francisco, Cal.; N. P. Shumway, Cleveland, Ohio; M. J. Small, Brooklyn, N. Y.; R. G 
Sprague, Rochester, Minn.; H. 8. Van Ordstrand, Cleveland, Ohio; L. Wallner, Chicago, 
Ill.; F. M. Willett, San Francisco, Cal.; J. W. Woods, Durham, N. C.; J. C. Yockey, Long 
Island City, N. Y 
2a. Doerner, A. A., eft al.: Am. Rev. Tuberc., 1951, 64, 564 
b. Frep, L., et al.: J. A. M. A., 1951, 147, 242 
Kina, E. A., et al.: J. A. M. A., 1951, 147, 238. 
K.ernscumipt, R. F., anp Jonnson, J. M.: Ann. Int. Med., 1951, 34, 694 
LeMarstre, C. A., ef al.: J. Clin. Investigation, 1951, 30, 445 
Roruman, P. D.: J. Pediat., 1951, 39, 237. 
Popp, C. G., et al.: J. A. M. A., 1951, 147, 241 
h. Smauy, M. J.: Quart. Progress Report V. A., Army, and Navy on Chemotherapy of 
Tuberculosis, April, 1952, p. 39. 
i. Srravs, B., et al.: Am. J. Med., 1952, 12, 170 
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From the analysis of the clinical material reviewed, the following conclusions appear 
to be justified: 

1. Cortisone and corticotropin therapy may cause serious exacerbation of active or 
apparently inactive tuberculosis. This is not an inevitableconsequenceof hormone therapy, 
but there is no accurate way of predicting the outcome in any individual case. 

2. Cortisone and corticotropin therapy, by reducing the inflammatory response to 
infection, tends to cause poor localization of tuberculous disease and to facilitate wide- 
spread dissemination. 

3. The development or progression of excavation in pulmonary tuberculosis during or 
after hormone therapy is fairly commonly noted. 

4. Cortisone and corticotropin therapy may reduce the signs and symptoms of tubercu- 
lous disease even when the net effect of the therapy is harmful. 

5. The exacerbation of old apparently inactive tuberculosis is particularly likely to 
occur in debilitating diseases such as lupus erythematosus or leukemia. 


RECOMMENDATIONS 


In view of the above observations and conclusions, the Committee on Therapy feels 
justified in making the following recommendations for the guidance of physicians within 
and without the Society: 

1. At this time cortisone and corticotropin appear to have no place in the 
treatment of active tuberculosis as such. 

2. In the presence of active tuberculous infection, therapy of other concomi- 
tant conditions with cortisone or corticotropin is to be regarded always as po- 
tentially hazardous. 

3. The presence of old apparently inactive tuberculosis is not of itself an ab- 
solute contraindication to hormone therapy, but such a condition should be 
evaluated meticulously as to possible activity before beginning hormone therapy, 
and frequent follow-up examinations by roentgenogram and by sputum exam- 
ination are mandatory. 

4. Even in the absence of known tuberculous infection, roentgenographic ex- 
amination of the chest before, during, and after hormone therapy is wise, since 
there may be exacerbation of unsuspected tuberculous lesions. This is particu- 
larly the case in the treatment of such debilitating diseases as lupus erythema- 
tosus and leukemia. 

5. If a pulmonary infiltrate appears during or after hormone therapy, pul- 
monary tuberculosis should be suspected until proved otherwise. 

6. Situations will arise in which there is an indication for treatment with 
cortisone or corticotropin of a nontuberculous condition even in the presence of 
active tuberculous disease. In such instances it would seem logical to combine 
hormone therapy with the use of potent antimicrobial agents such as strepto- 
mycin and para-aminosalicylic acid (PAS). 
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The Effect of Cortisone and/or Corticotropin on Experimental Tuberculous 
Infections in Animals 
A Statement Prepared by the Laboratory Subcommittee of the Committee on 
Medical Research 


Approximately thirty-nine published papers and personal communications! dealing 
with the effect of cortisone or corticotropin on experimental tuberculosis have been re- 
viewed. Striking diversities in the results obtained and the conclusions drawn by different 
workers were noted. In many instances completely opposite effects were described, and 
even in experiments performed in the same laboratory a lack of uniformity in results was 
evident. The same diversity of findings was obtained with combinations of the hormones 
and antibacterial drugs. 

It was the opinion of the Committee that much more experimental work was necessary 
before any final statements could be made regarding cortisone and corticotropin in ex- 
perimental tuberculosis. Results obtained so far indicate that the effects produced by the 
hormones depend a great deal on the exact conditions of the experiment, such as species 
of animal, type of infection, dosage of hormone, and duration of therapy. At the present 
time, the following are the only statements that seem to be warranted by the available 
substantiated data: 

1. The administration of cortisone or corticotropin to animals with experimental 
tuberculosis may produce a variety of effects, depending on the species of animal and 
the experimental conditions. 

2. The hormones produce a lessened reactivity of the small blood vessels, which, in 
turn, causes a reduction in the inflammatory response of sensitized tissue to the 
tubercle bacillus. 

3. Cortisone can convert a chronic smoldering tuberculous infection in mice into an 
acute progressive process. 

4. When the adrenal hormones are withdrawn, there may be a sudden flare-up of 
tuberculous disease. 

5. The hormones have no significant action on the tubercle bacillus or tuberculin in 


vitro. 
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ANNUAL MEETING OF AMERICAN TRUDEAU SOCIETY—1953 


The American Trudeau Society, medical section of the National Tuberculosis Associa- 
tion, invites the submission of abstracts of scientific papers for presentation at its next 
annual meeting in Los Angeles, California, May 18-22, 1953, at the Hotel Statler. 

Full information can be obtained by writing to the Chairman of the Medical Sessions 
Committee, American Trudeau Society, 1790 Broadway, New York 19, N. Y. 


SPANISH TRANSLATION OF “DIAGNOSTIC STANDARDS AND CLASSIFICATION OF TUBERCULOSIS” 


Diagnostic Standards and Classification of Tuberculosis of the National Tuberculosis 
Association 1950 has been translated into Spanish under the direction of Professor H. 
Orrego Puelma of the University Clinic on Phthisiology of the Hospital del Salvador, 
Santiago de Chile, with the cooperation of a committee appointed by the Union of Latin- 
American Societies for Tuberculosis. Members of Latin-American societies and others 
wishing copies are requested to communicate directly with Professor H. Orrego Puelma. 


TRADUCCION AL ESPANOL DE LAS “NORMAS DE DIAGNOSTICO Y CLASIFICACION 
DE LA TUBERCULOSIS—EDICION DE 1950” 


(Publicaciones Conjuntas de la Catedra de Tisiologia del Profesor H. Orrego Puelma 
y de la Escuela de Salubridad) 

El manual Normas de Diagnéstico y Clasificacién de la Tuberculosis de la Asociacién 
Nacional contra la Tuberculosis de los E. U. A., 1950, ha sido traducido al espafiol bajo 
la direccién del Profesor H. Orrego Puelma, de la Clfnica Universitaria de Tisiologia del 
Hospital del Salvador, de Santiago de Chile, con la cooperacién de una comisién designada 
por la Unién de Sociedades Latino-Americanas de Tuberculosis. Los miembros de dichas 
Sociedades y otros interesados en adquirir ejemplares tengan a bien comunicarse directa- 
mente con el Profesor Orrego Puelma a la direccién mencionada. 


PRIMER CONGRESO ARGENTINO DE CIRUGIA TORACICA QUINTAS JORNADAS ARGENTINAS DE 
CIRUGIA TORACICA 
The Primer Congreso Argentina de Cirugia Toracica Quintas Jornadas Argentinas de 
Cirugia Toracica is to be held in Buenos Aires from September 8 to September 12, 1952. 
A group of well-known specialists in thoracic surgery and endoscopy from the United 
States and Europe will attend the meeting. 
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the new dramatic therapeutic 
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Clinical studies with isonicotinic acid hydrazide in streptomycin resistant 
cases have shown this compound to be a powerful drug against tuberculous 
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considerably decreased or eliminated. X-ray changes indicating resorption 
of the exudative process, reduction of cavity size or closure occur in about 
half of the patients. Chemotherapeutic effects are also promising in 
extrapulmonary tuberculosis including orthopedic lesions. 
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DINYOROSTREPTOMYCIN 
SULFATE MERCK | 


Serpentine growth characteristic of virulent human strains 


A ready and tested measure 
for combating tuberculosis 


As therapeutically active as streptomycin, CRYSTALLINE DiHYDROSTREPTOMYCIN 
SULFATE MERCK is less toxic to the vestibular apparatus, minimizes pain and 
swelling on injection, and may be used even in some patients allergic to 
streptomycin 

This preferred product is available in dry powder form and in convenient 
ready-to-inject form as SOLUTION OF CRYSTALLINE DIHYDROSTREPTOMYCIN 
SULFATE MERCK 

PARA-AMINOSALICYLIC ACID MERCK (PAS), when used in combination with 
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e Pasara Calcium is available also in powder, tab- 
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Notice to Review Subscribers 


With reluctance, the publishers of The American Review of Tuberculosis 
announce a price increase in subscriptions, necessitated by constantly mounting 
production costs. 

The new rate will be $12.00 per annum and will apply to all subscriptions 
for 1953 and thereafter until further notice. This includes postage to any part 
of the world. 
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A non-profit sanatorium for the treatment of 
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420 pages, cloth cover $3.50 
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